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A PHYSIOLOGICAL, HISTOLOGICAL, AND CLINICAL 
STUDY OF THE DEGENERATION AND REGENE- 
RATION IN PERIPHERAL NERVE FIBRES AFTER 
SEVERANCE OF THEIR CONNECTIONS WITH THE 
NERVE CENTRES. By W. H. HOWELL, PhD. MD, 
Professor of Physiology and Histology, AxD G. C. HUBER, M. D., 
Instructor in Histology, University of Michigan. 


PART III. 


Critical Résumé of Surgical cases of Primary and 
Secondary Suture. 


As far as we are aware nothing like a complete tabulation and 
criticism of reported cases of nerve suture has been attempted in 
English, though several elaborate papers of this character have been 
published in German (Wolberg, Tillmanns). A survey of the material 
available for such a résumé shows that very many of the surgical cases 
are incompletely reported, so that it becomes a matter of difficulty to 
arrive at definite general conclusions as to the true value of suturing 
unless the number of cases is multiplied. The reports of single cases 
may often prove misleading because so much that is essential to the 
true interpretation is omitted in the published accounts. As far as the 
literature was known and accessible to us we have examined it carefully, 
and have brought together in several tables all the cases reported. 
While many isolated reports buried in the mass of medical literature 
have doubtless escaped us, most of the more important cases have been 
examined and recorded in a form convenient for examination. We 
have divided the cases into two groups; Primary Sutures, in which the 
surgical operation was performed immediately after the injury; and 
Secondary Sutures, in which the divided ends of the nerve were dissected 
out and freshened after the wound had begun to heal. In this last 
group the time interval between the injury and the suture varies from 


1 Continued from Vol. XIII. p. 406. 
PH. XIV, | 1 
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a few days to years. After classifying the primary sutures,” a brief 
synopsis, in tabular form, is appended to show the number of failures 
and successes for the different nerves operated upon, the average time 


required, in the successful cases, for the return of function to the 


motor and sensory fibres respectively, etc. etc. At the end of the 
table of Secondary Sutures a similar synopsis will be found. In the 
tables, and especially in giving the results of the operations, the 
wording of the original reports has been followed as closely as possible. 
After each table a critical discussion of the cases has been attempted, 
upon anatomical and physiological grounds, especially of those cases 
which are usually quoted to prove the possibility of union by first 
intention without degeneration of the peripheral end. In the nature of 
the case these criticisms consist largely of suggestions of possible 
explanations, other than those given by the authors reporting, based 
usually upon the idea of supplementary motion and sensibility which 
has been so thoroughly developed by Létiévant and others. 
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Table No. II. summarizes all the reported cases of primary nerve 
suture which we were able to collect. In this table only such cases as 
show a complete or nearly complete restoration of function, both as to 
sensation and motion, are classed under the head of successful ones. 
It will be readily seen on consulting Table No. I. that such a classi- 
fication is often difficult; the report of many of these cases is so 
meagre, the statements made so easy of misconstruction, that the 
greatest care is needed in classifying them; many admit of more than 
one interpretation; in others no details are given at all. Under the 
head of “improved” we have placed all cases in which the operation 
seems to have been of some benefit,—-they are frequently cases that 
have escaped the eye of the surgeon before sufficient time had 
elapsed for a complete regeneration to have taken place. In many 
of these cases sensation alone was re-established, either completely 
or partially; only in a few was there any sign of the return of voluntary 
movements, 

Cases classed under the head of “failures” are such as showed no 
improvement in sensibility or motion, though in some such cases 
improvements in the trophic conditions of the parts below the wound 
are noted, It is interesting to note that some of the cases reported 
as unimproved are ones in which the operation was followed by sup- 
puration, and perhaps by a sloughing of the wound which persisted for 
two and three, and in a few cases for four weeks. In these cases the 
connection between the divided ends may again have been destroyed, 
and when healing did take place the separated ends may have become 
imbedded in the contracting cicatricial connective tissue. This table 
shows also very clearly that many cases are not kept under observation 
long enough to admit of complete regeneration. About one-third of 
the cases of injured median, over one-half of injured ulnar, and about 
one-half of the cases in which both the median and ulnar were divided, 
were early dismissed or “lost sight of, and are to be found in the table 
as having been under observation only a short time. 

It was with difficulty that we were able to make any average as to 
the time required for the return of motion and sensation. The time 
given refers to the first appearance of sensation or motion, rather 
than to the return to a normal condition. Table No. I. shows that 
often the patient was seen only for a short time after the operation, and 
then perhaps only once or twice a year; if, then, in such a case, the 
report states that at the end of six months or a year sensation or 
motion seemed normal it is useful only in so far as it states this fact, 
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but cannot be used to determine correctly the average time required 
for the return of sensation and motion. 

The median was injured and subjected to primary nerve suture 
twenty-six times; of this number fifteen, as far as could be determined, 
resulted in a complete or nearly complete restoration of sensation and 
motion ; seven cases were improved, but showed as a rule only return 
of sensation; four were reported as failures. The average time for the 
return of sensation was one and a half months; in many of the cases, 
however, there was some return of sensibility several days after the 
operation, which sometimes speedily, often more gradually, improved 
from day to day until at the end of several weeks it was reported as 
normal. In other cases the return took place very much more slowly. 

The average time for the return of voluntary movements was found 
to be between four and five months; in many cases, however, there was 
a speedy return of the power of voluntarily contracting the muscles of 
the thumb, and these cases will be referred to in greater detail in 
speaking of the possibility of primary union, as the majority of the 
examples of such union are found in connection with injuries to the 
median, followed by rapid recovery. 

Reference to Part II. of this paper containing an account of 
experimental sutures upon lower animals will show that in them also 
the return of sensation preceded that of motion when tested by 
stimulation of the nerve trunk itself at varying distances from the 
wound. The explanation suggested for this is that the first stage of 
regeneration, the embryonic fibre, possesses a low degree of irritability 
and conductivity, and once union is made at the wound, a way is 
opened for the passage of sensory impulses before complete regeneration 
of the peripheral end is accomplished. For the motor fibres, on the 
other hand, the peripheral regeneration must have progressed as far as 
the muscles and, in addition, have involved the reproduction of connec- 
tions with the muscle fibres. In the clinical cases, sensibility was, of 
course, tested in the skin, but there is, perhaps, still a possibility that 
if the regeneration of the motor and sensory fibres have made equal 
progress to that point that the sensory fibres first show evidence of a 
return of function because there is less to be accomplished in their case 
in the way of making peripheral connections. Of course this is a mere 
suggestion which can have no special value unless verified by actual 
observations, 

The ulnar nerve was sutured, immediately after the injury, thirty- 
one times. In twelve cases the operation was a success, thirteen 
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were improved, and six reported as failures. The table shows that 
sensation was not distinetly apparent in the majority of the cases until 
after three months nearly, three times as long as in the restoration 
of sensibility after injury to the median. This may, on hasty exami- 
nation, seem contrary to what we should expect from our knowledge 
of the processes of regeneration in injured nerves, but a careful ana- 
tomical study of these nerves may be used to explain this apparent 
discrepancy. 

It will be remembered that the little finger wholly, and the ring 
finger on its ulnar side, receive their sensory nerve supply from one 
nerve, the ulnar. One set of branches is given off by this nerve in tho 
palm and goes to the palmar surface of these fingers. The dorsal side 
receives the dorsal cutaneous branch which leaves the ulnar near the 
wrist and is distributed to the integument over the fourth and the 
fifth metacarpal bones, the little and ring fingers; the thumb, 
index, middle, and outer side of the ring finger receive their sensory 
cutaneous branches from the median and the radial, the former passing 
to the palm, the latter to the dorsal side of the hand and fingers. 
Each digit has, then, four collateral branches, all coming from the 
ulnar nerve in the little finger and from the median, ulnar, and radial 
in the ring finger; while the middle and index fingers and the thumb 
receive each two dorsal branches from the radial and two palmar from 
the median. 

Arloing and Tripier have shown, in their careful experiments 
which they made on the fore-foot of dogs, that it was necessary to 
cut all of the four collateral branches going to any one digit before 
sensibility was entirely destroyed in it. They divided one branch 
after another and after each successive section carefully observed 
the sensibility of the digit. They then found that when one branch 
only was divided sensibility seemed in no degree diminished, the same 
was true after two were cut, and only after dividing three of the 
branches were they able to notice any diminution in the capability of 
perceiving sensory impulses. After the last branch had been divided, 
and not until then, was the sensibility entirely abolished. 

It is true that these experiments were made on dogs, and perhaps 
are not applicable to man, yet there are a few reported cases which 
seem to show that a similar distribution of nerves may exist. 

M. Richet reports a case of entire division of the median in which 
there was no loss of sensation in the median territory, and Miner 
a similar case in which three inches of the median had been removed 
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(Buff. Med. and Surg. Journ. 1867-68). Baudens reports a case in 
which sensation continued after section of all the brachial nerves, 
except the musculo-spiral. Pirogoff reports a case in which he divided 
a softened ulnar nerve during a resection, and found immediately 
afterwards and at a later date, perfect feeling in the third and the 
fourth finger. Weir Mitchell, from whom (Injuries of Nerves) the 
preceding cases have been taken, quotes also the case of Dr Nott, who 
removed a large cyst from the flexor surface of the fore-arm, and with 
this tumour five inches of the median nerve, and yet the function 
usually assigned to this nerve was not interfered with in the slightest 
degree. See also the cases of Vogt and Bramwell in the table of 
primary sutures and the case of Miiller in the table of secondary 
sutures. Taking into consideration the above statements, it can be 
seen that the rapid return of sensibility after injury and immediate 
suture of the median may be due to the fact that the radial is intact 
and the impulses are carried to the centre along this nerve’. The 
surgeon may thus report an early return, or an improvement of sensa- 
tion, and yet it does not prove that functional union has taken place 
between the ends of the divided nerve. See also the case of Monod 
(No. 53) for another possible source of deception in cases where a rapid 
return of sensation is reported. 

The time required for the return of voluntary movement after 
injury to the ulnar is given in the table as eleven months. The return 
of voluntary movement in the short muscles of the hand, which are nearly 
all supplied by the ulnar, was very much slower than for the flexor 
carpi ulnaris. In fact the cases of Etzold especially seem to demon- 
strate upon man what has been so strongly emphasized by the experi- 
mental work, that the regeneration progresses slowly from the point of 
suture toward the distal end. 

That regeneration of the muscular branches of the median seems to 
take place more quickly than in the ulnar, as shown by the table, may 
be explained by the fact that in the great majority of instances the 
median was injured below the muscular branches to the flexors, and we 
will try to show a little later that when these muscles have their 
normal nerve supply the various other movements of the thumb can 
easily be taken up by the muscles of the hand not supplied by the 


1 In confirmation of this suggestion we may call attention to a recent communication 
by Lejars (Bulletin de la Société Anatomique, 1890) in which he states that the thenar 
eminence receives filaments from the radial nerve. (Quoted from Sajou’s Annual of the 
Universal Medical Sciences, 1891. Vol. v. G., 23.) 
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median. In very few of the reported cases were electrical examina- 
tions made of the muscles which were deprived of their proper nerve 
supply; so that when the surgeon reports that the patient can flex, 
extend, abduct and oppose his thumb, it cannot be looked upon as 
proof of the fact that regeneration has taken place in the palmar 
muscular branches of the median. 

The median and ulnar have been sutured conjointly thirteen times. 
Of this number three are reported as successful, seven as improved, and 
three as failures. It is interesting to note that where any improve- 
ment was observed in these cases sensation returned first to the thumb, 
and often very speedily, as in Case No. 73 (Smith), in which it was 
improved the second day after the operation, Case No. 43 (Kraussold) 
in which it was improved at the end of the second day, and Case No. 
40 (Kölliker), in which it was improved at the end of the fourteenth 
day; while on the ulnar side of the hand, where the ulnar alone sends 
sensory branches, no such improvement was observed. In the three 
cases in which there was a return of motion it took place very slowly. 

The musculo-spiral has been injured and immediately sutured only 
twice. Both cases are reported as successful. In one instance the 
nerve was cut near the wrist and below the muscular branches to the 
extensors, in the other a second operation was needed to free the nerve 
from the pressure caused by a contracting cicatrix. 

The brachial plexus has been injured six times (No. 27—32, 
Etzold); in every instance in the axilla, and by the thrust of a sword. 
All the cases improved, and the recovery in each was very slow. 
Etzold observed the interesting fact that in each case regeneration 
began in the central end and travelled slowly down the course of the 
severed nerve. The triceps was in these cases the first muscle to 
contract voluntarily. 

The results of the remaining operations on nerves of the upper 
extremity show nothing of special interest and can best be studied in 
the table. 

We were able to find only two reported cases of injury and primary 
suture of the nerves of the lower extremity; No. 20 (Clark) the 
posterior tibial, which was under observation only one month, at which 
time sensation became normal; the other No, 38 (Iefremowsky) in 
which the external popliteal was injured and in which the patient died 
of gangrene of the leg several weeks after the operation. Out of eighty- 
four recorded cases of primary suture, 42°/, are reported as successful, 
40 % as improved, and 18°/, as receiving no benefit from the operation. 
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In many of the above cases the report cannot be considered as final, as 
the patients went out from under the surgeon’s care before sufficient 
time had expired for complete regeneration. 

A study of the reported cases of primary nerve suture suggests at 
once .the question as to whether a nerve after suture can unite 
immediately, if given the most favourable conditions, without degenera- 
tion of the peripheral end. Our experimental work on dogs has given 
us satisfactory proof that such union is impossible in the nerves of this 
animal. Let us see how much evidence on the other side is contained 
in the surgical cases reported. 

Bowlby, in his work on Injuries and Diseases of Nerves, devotes 
an entire chapter to this important subject, and adds two cases to the 
four or five that have been known in surgical literature. In this 
chapter he refers to the results of Gluck, and cites as “absolute 
proof” the one experiment in which he (Gluck) divided and sutured 
the sciatic nerve of a fowl, and on the fourth day was able after 
isolating this nerve and placing it on a piece of glass, to see contrac- 
tions in the muscles to which it was distributed, after stimulating it 
mechanically and electrically. Gluck’s results have been discussed in 
the experimental part of this paper. 

On the clinical side, it will be found that there are about eight 
cases which have been regarded as showing union by first intention. 
These cases are found in our table as follows: 

No. 8. (Boegehold) Radial, cut near the wrist. 

No. 17. (Bramwell) Ulnar, injured near elbow. 

No. 13. (Bowlby) Median, at wrist. 

No. 24. (Clark) Ulnar, at wrist. 

No. 43. (Kraussold) Ulnar, Median and Radial, at wrist. 

No. 49. (Laugier) Median, at wrist. 

No. 52. (Menzies) Median, at wrist. 

No. 55. (Nelaton) Median, at wrist. 

A closer study of the above cases will not be out of place here and, 
as four of the eight cases are injuries to the Median and similar in 
many respects, they may be discussed first. 

No. 13. Bowlby. Age 23, male (Nov. 20, 1881). Median nerve 
and all the flexor tendons, except Flexor Carp. Ulnaris and inner 
tendon of Sublimis Digitorum, with Radial and Interosseous artery, 
were divided just above the wrist. At the time of operation nerve and 
tendons were sutured with catgut suture, and the vessels ligated, 
Recovery is reported as follows: 
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Nov. 20. Much pain in hand, no sensation in median territory. 

Dec. 1. For the first time he can tell which finger is pricked. 

Dec. 3. With closed eyes can tell which finger is touched. 

Dec. 7. Can feel the slightest touch and localize well. 

Dec. 16. Power of flexion improving; can now pick up a pin. 

Dec. 24. Except for some stiffness in fingers hand feels quite well. 

No. 49. Laugier. Median nerve, tendon of the Sublimis, Pal- 
marus Longus and Ulnar artery divided just above the wrist. The 
nerve was not sutured until the next day, when Laugier applied two 
silk sutures. 

The evening after the operation return of sensation. 

The next day much improved. 

Third day after can oppose thumb. 

Fourth day after can pick up a pin; sensation quite normal. 

At the end of one week sensation and motion seem quite normal. 

No. 52. Menzies. Age 18, male (Nov. 27, 1884), Median nerve 
divided just above the wrist; loss of sensation in parts supplied by 
Median. Nerve was sutured with three catgut sutures. 

Dec. 1. Had tactile sensations, and localized well in all parts 

except the last two phalanges of the index finger. 

Dec. 6. Sensation well established except in index finger. 

Dec. 8. Sensation returned to index finger. 

Jan. 20, 1885. Can use the hand quite well, says it is as good as it 

was before injury. 

No. 54. Nelaton. Age 24, female. Removal of neuroma from 
Median in the upper part of arm. Direct metallic suture. 

The following day some improvement in sensation. 

Two days after operation very much improved and some return of 
motion. 

Eight days after motion and sensation as good as before operation. 

In two of the above cases, sensation and motion were normal at the 
end of one week; in another at the end of one month; in the fourth 
sensation was normal at the end of ten days, but motion not until the 
end of a month and a half after the operation, when the patient 
reported his hand “as good as before injury.” 

It is very much to be regretted that in none of the above cases, nor 
in any of the so-called cases of primary union, were there any careful 
electrical tests made upon the motor points of the separate muscles after 
injury and during the progress of recovery. Only when surgeons are 
willing to do this will they have correct data upon which to found 
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definite conclusions as to the return of function to the peripheral motor 
fibres without previous loss of irritability. An excellent illustration of 
the necessity of this precaution is found in the case reported by Monod 
in which movements of opposition, etc., were apparent on the 18th day 
although electrical examination proved that the thumb muscles supplied 
by the median were not functional. 

The possibility of a rapid return of sensation without a union of the 
divided nerve trunk has already been noticed in speaking of the reason 
why sensation returned so much more quickly in the territory of the 
median than in that of the ulnar. 

Ik the above cases are studied in the light of the results obtained by 

Arloing and Tripier we can see how such rapid return of sensation 
might take place without union of the median. In these cases the 
radial was uninjured and, if we bear in mind the close relationship 
between this nerve and the median, and the peripheral plexus that is 
formed about each finger in which both of these nerves take part, it is 
not difficult to see how impressions might be perceived in the region of 
the hand supplied by the median and yet the impulses be carried by 
the adjoining nerve fibres of the radial and ulnar. 

In speaking of the rapid return of motion in Nelaton’s and 
Laugier’s case, Weir Mitchell draws attention to the fact that 
opposition of the thumb and flexion of the index finger and middle 
finger can be brought about by other muscles than the ones to which 
the median is distributed in the hand. This seems a very important 
point, and this observer has, no doubt, suggested the right method of 
criticism to be applied to the above cases. The same idea of substi- 
tuted or vicarious movement has been developed very carefully by 
Létiévant in his well-known work. 

The median nerve, it will be remembered, supplies in the fore-arm 
all the flexors except the Flexor Carp. Ulnaris and half of the Flexor 
Profundus Digitorum, and as these muscular branches are given off a 
short distance below the elbow, just after the median passes into the 
fore-arm, the motor supply to these muscles was not interfered with in 
the cases of Langier and Menzies, and unless the tendons were injured 
the patient should still have enjoyed free flexion of all the fingers. In 
the hand the median sends branches to the superficial muscles of the 
ball of the thumb, supplying the Abductor and Opponens Pollicis and 
the superficial belly of the Flexor Brevis Pollicis, which muscles abduct, 
oppose and aid in the flexion of the thumb. It also supplies one or two 
of the Lumbricales, while the Adductor Pollicis and the deep belly of 
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the Flexor Brevis Pollicis receive their nerve supply from deep palmar 
branches of the ulnar. 

Eulenberg and Landois, in analyzing Nelaton's case, make the 
observation that the deep belly of the Flexor Brevis Pollicis has for its 
function not only flexion of the thumb but also aids in opposing it. 
They state that it would be quite impossible to differentiate between 
the action of this muscle and that of the Opponens Pollicis. (This 
seems especially so when it acts in conjunction with the Adductor 
Pollicis.) They further state that the fact that Nelaton’s patient 
could execute this movement does not prove a regeneration of the 
nerve supplying the muscle set apart for this special function. 

In the case before us, flexion and opposition of the thumb were the 
functions first to appear, in no case was any special mention made of the 
other movements which this digit is capable of performing. We may 
add, however, that the Extensor Metacarpi Pollicis is often known 
as the Abductor Longus Pollicis, and that this muscle can abduct the 
thumb when the short abductor is paralyzed. This muscle gets its 
motor nerve from the Posterior Interosseous, a branch of the Musculo- 
spiral, and there is great probability that it may produce motions of 
abduction as well as extension of the thumb. 

We have thus tried to show that the movements of the thumb can 
be executed when the median nerve is injured near the wrist. This 
view is strongly supported by the case of Dr Nott, previously referred 
to, where five inches of the median were removed, and where suturing 
was impossible, yet there was no loss of sensation nor of motion. Also 
by the case of Monod. In Laugier’s and Nelaton’s cases, where 
there was no injury to the flexor tendons, return of motion was 
established much more quickly than in Bowlby’s and in Menzies’s 
cases, even though the latter surgeons used an animal suture in place of 
silver or silk. 

Boegehold’s case, No. 8, is equally interesting; a child two years 
old had divided the radial branch two inches above the wrist. The 
nerve was sutured at once with catgut, and the report shows that ten 
days after the operation sensation and motion were normal. 

As this nerve was injured near the wrist, where it is only a sensory 
nerve, it is not at all strange that motion was normal at the end of one 
month. The extensors and supinators receive their motor nerve supply 
from the musculo-spiral and its posterior interosseous branch near the 
elbow, and were, therefore, not injured. The close connections between 
the distribution of the radial and the median in the thumb, index and 
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middle fingers, and between the radial and the ulnar in the ring 
finger and dorsum of the hand suffice to show how a rapid return of 
sensation might take place. No details whatever are given as to the 
manner in which sensibility was tested, and as the child was only two 
years old, unless very careful observations were made, its own testimony 
could hardly be trusted. 

The two cases of so-called primary union after injury and immediate 
suture of the ulnar are interesting as they bring out certain points 
which the other operations do not. 

No. 17. Bramwell. Female, age 30. In this case the ulnar nerve 
was accidentally divided in resecting the elbow. The nerve was at 
once sutured with catgut. The patient’s hand was at once examined 
and there was found to be no loss of motion nor of sensation. Sup- 
puration and erysipelas followed the operation, and continued for several 
weeks; the arm was then placed in a splint. For nearly two months 
no special report was given of the condition of the parts supplied by 
the ulnar below the wound; at this time the hand seems to have 
been in the same condition that it was just after the injury. Flexion 
and extension of the hand, as well as pronation and supination, were 
not at all interfered with. No special notice seems to have been taken 
of the condition of the small muscles in the hand. 

This case seems to be like that of Pirogoff (quoted from Mitchell, 
Injuries of Nerves, p. 240), in which he divided the ulnar in a resection, 
and found immediately afterward and at a later date, that sensation in 
the region of the hand supplied by the ulnar was perfect. He quotes 
also Naudorfer and Schuh as having had similar experiences. In 
Pirogoff's case no suture was made and yet sensation seemed normal. 

Bramwell interprets his case as showing that a nerve impulse can 
pass from one cut end of a divided nerve to the other, when the ends 
are brought into close apposition, as an electrical current can pass from 
one wire to another when they are brought into contact, But it is one 
of the most certain facts in general nerve physiology that a nerve 
impulse cannot travel up or down a nerve fibre whose axis cylinder has 
been in any way interrupted. 

No. 24. Clark. Male, age 42 (April 7, 1882). Ulnar nerve was 
divided just above the wrist in removing an aneurism of the ulnar 
artery and was at once sutured with catgut. The report gives no 
details whatever, does not even state the condition of the parts 
supplied by this nerve below the point of section. Patient was dis- 
missed on the 8th of May, about one month after the operation, at 
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the Flexor Brevis Pollicis receive their nerve supply from deep palmar 
branches of the ulnar. | 

Eulenberg and Landois, in analyzing Nelaton’s case, make the 
observation that the deep belly of the Flexor Brevis Pollicis has for its 
function not only flexion of the thumb but also aids in opposing it. 
They state that it would be quite impossible to differentiate between 
the action of this muscle and that of the Opponens Pollicis. (This 
seems especially so when it acts in conjunction with the Adductor 
Pollicis.) They further state that the fact that Nelaton’s patient 
could execute this movement does not prove a regeneration of the 
nerve supplying the muscle set apart for this special function. 

In the case before us, flexion and opposition of the thumb were the 
functions first to appear, in no case was any special mention made of the 
other movements which this digit is capable of performing. We may 
add, however, that the Extensor Metacarpi Pollicis is often known 
as the Abductor Longus Pollicis, and that this muscle can abduct the 
thumb when the short abductor is paralyzed. This muscle gets its 
motor nerve from the Posterior Interosseous, a branch of the Musculo- 
spiral, and there is great probability that it may produce motions of 
abduction as well as extension of the thumb. 

We have thus tried to show that the movements of the thumb can 
be executed when the median nerve is injured near the wrist. This 
view is strongly supported by the case of Dr Nott, previously referred 
to, where five inches of the median were removed, and where suturing 
was impossible, yet there was no loss of sensation nor of motion. Also 
by the case of Monod. In Laugier’s and Nelaton’s cases, where 
there was no injury to the flexor tendons, return of motion was 
established much more quickly than in Bowlby’s and in Menzies’s 
cases, even though the latter surgeons used an animal suture in place of 
silver or silk. 

Boegehold’s case, No. 8, is equally interesting; a child two years 
old had divided the radial branch two inches above the wrist. The 
nerve was sutured at once with catgut, and the report shows that ten 
days after the operation sensation and motion were normal. 

As this nerve was injured near the wrist, where it is only a sensory 
nerve, it is not at all strange that motion was normal at the end of oue 
month. The extensors and supinators receive their motor nerve supply 
from the musculo-spiral and its posterior interosseous branch near the 
elbow, and were, therefore, not injured. The close connections between 
the distribution of the radial and the median in the thumb, index and 


* 
7 
td 
* 
2 
aq 
4 
‘ 


NERVE DEGENERATION AND REGENERATION. 31 


middle fingers, and between the radial and the ulnar in the ring 
finger and dorsum of the hand suffice to show how a rapid return of 
sensation might take place. No details whatever are given as to the 
manner in which sensibility was tested, and as the child was only two 
years old, unless very careful observations were made, its own testimony 
could hardly be trusted. 

The two cases of so-called primary union after injury and immediate 
suture of the ulnar are interesting as they bring out certain points 
which the other operations do not. 

No. 17. Bramwell. Female, age 30. In this case the ulnar nerve 
was accidentally divided in resecting the elbow. The nerve was at 
once sutured with catgut. The patient’s hand was at once examined 
and there was found to be no loss of motion nor of sensation. Sup- 
puration and erysipelas followed the operation, and continued for several 
weeks; the arm was then placed in a splint. For nearly two months 
no special report was given of the condition of the parts supplied by 
the ulnar below the wound; at this time the hand seems to have 
been in the same condition that it was just after the injury. Flexion 
and extension of the hand, as well as pronation and supination, were 
not at all interfered with. No special notice seems to have been taken 
of the condition of the small muscles in the hand. 

This case seems to be like that of Pirogoff (quoted from Mitchell, 
Injuries of Nerves, p. 240), in which he divided the ulnar in a resection, 
and found immediately afterward and at a later date, that sensation in 
the region of the hand supplied by the ulnar was perfect. He quotes 
also Naudorfer and Schuh as having had similar experiences. In 
Pirogoff’s case no suture was made and yet sensation seemed normal. 

Bramwell interprets his case as showing that a nerve impulse can 
pass from one cut end of a divided nerve to the other, when the ends 
are brought into close apposition, as an electrical current can pass from 
one wire to another when they are brought into contact, But it is one 
of the most certain facts in general nerve physiology that a nerve 
impulse cannot travel up or down a nerve fibre whose axis cylinder has 
been in any way interrupted. 

No. 24. Clark. Male, age 42 (April 7, 1882). Ulnar nerve was 
divided just above the wrist in removing an aneurism of the ulnar 
artery and was at once sutured with catgut. The report gives no 
details whatever, does not even state the condition of the parts 
supplied by this nerve below the point of section. Patient was dis- 
missed on the 8th of May, about one month after the operation, at 
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which time the nerve had completely recovered its sensory and motor 
properties. 

In this, as in Bramwell's case, there are absolutely no details, so 
that it is very difficult to say anything about them. In Clark's case 
the Ulnar seems to have been divided below its dorsal cutaneous 
branch, which is given off in about the lower third of the fore - arm and 
passes beneath the Flexor Carp. Ulnaris to the back of the wrist, there 
supplying the back of the little and ring fingers and sometimes sending 
branches to the middle finger. If this branch was not cut, as seems to 
have been the case, the speedy return of sensation can easily be 
accounted for. 

From the report given it is not possible to say whether the return 
of motion refers only to flexion of the hand and little finger. If this 
were the case there was no reason why movements of this character 
should not have been executed, since the motor branches to the long 
flexors were not injured and after the healing of the wound, which 
suppurated extensively, would have been capable of acting in a normal 
manner. 

The most interesting of all the cases supposed to show primary 
union is Kraussold’s (No. 43). Female, age 24. In an attempt at 
suicide, the patient divided, on the left side, the Median partially and 
the Radial (sensory branch) and Ulnar completely, about an inch and a 
half above the left wrist, also part of the tendon of the Flexor 
Sublimis Digitorum; and on the right side and at about the same 
place, the Radial and Median completely and the Ulnar partially, 
together with the tendons of the Flexor Profundus, the Flexor Sub- 
limis Digitorum and the Longus Pollicis. The nerves were sutured with 
three catgut sutures passing through the sheaths of the nerves, and 
through the surrounding connective tissue. The recovery of the case is 
reported as follows : | 

Forty hours after the operation, pricking of the skin was felt in the 

region of the Median on both sides and in the region of the right 
Ulnar. 

Third day, sensibility improved. 3 | 

Fourth day, sensibility almost normal, with the exception of the 

last phalanges, where it was yet dull. 

Seventh day, sensibility normal, except on Radial side of middle finger. 

Three weeks after injury sensibility was normal. 

Movements of flexion and extension could be made, though with 
very little power and with some difficulty. 
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The rapid return of motion is in this case far easier to explain than 
that of sensation. Extension was not interfered with, as none of the 
extensor tendons were divided, nor was their motor nerve supply 
(Posterior Interosseous) destroyed. On the left side only a part of the 
tendon of the Flexor Sublimis was divided; the Flexor Profundus, 
Longus Pollicis, and flexors of the wrist escaped uninjured, so that 
there was no reason why in the left band flexion should not have been 
possible, as all these branches receive their motor branches from the 
median and ulnar near the elbow far above the point of injury. On 
the right side, all the long flexors to the hand were divided and the 
report does not state whether they were sutured or not. On this side 
the weak flexion may have been brought about by the palmar interossei, 
which are known to flex as well as adduct the fingers, assisted by the 
lumbricales. These latter muscles are supplied, with the exception of 
the outer lumbricales, by the ulnar, which was on this side only 
partially divided. 

The rapid return of sensation is in this case very remarkable. The 
fact that there was some return of sensation within forty hours, seems 
to show that the impulses were carried along some other than the 
divided nerves, as at the end of forty hours union could hardly have 
taken place. 

On the left side the median was only partially injured, and the 
ulnar seems to have been cut below the dorsal cutaneous branch, so 
that both the ulnar and the median had some connection with the 
nerve centres; but it is difficult to see how on the right side, 
where both the median and the radial were divided, sensibility should 
have returned as speedily and as perfectly as on the left. 

This case may be similar to Baudens (quoted by Léti¢vant), in which 
sensation continued in spite of section of all the brachial nerves save the 
musculo-spiral, although such an unusual arrangement of the nerve fibres 
seems very rare; for in one hundred and fourteen cases of nerve section 
which Weir Mitchell was able to collect there “ was but one instance 
of no loss of sensation or motion.” Less perfect cases in which the 
beginning of a return of sensibility was detected in a few days after the 
operation (Baker, Langton for the median, and Bowlby, Heuter, 
Savory, Tillmanns, Verneuil for the ulnar) are open of course to 
the same criticism of a vicarious action of other sensory fibres. To how 
great an extent such criticism may be carried is best shown by the 
careful observations of Létiévant (Truité des sections nerveuses). 

In conclusion it may be said, that a study of all the recorded cases 
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of “primary nerve suture” at our disposal will warrant the following 
statements : | 

1. The prognosis of cases of “primary nerve suture” is very 
favourable; in all probability function will be restored either com- 
pletely or partially. 

2. The prognosis is more favourable the younger the patient. 

3. Some form of animal suture is to be preferred, and the majority 
of surgeons employ the “direct method” of nerve suturing. 

4. The clinical as well as the physiological evidence is against the 
possibility of “immediate union.” 
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Very little, if any, experimental work has been done on secondary 
nerve suture. The value of the operation must be judged from a 
clinical stand- point. For this reason we have collected in Table No. 3 
as many of the recorded cases as we were able to find, arranging the 
table in the form adopted by Weissenstein (Ueber die sekunddre 
Nervennaht. Mittheil. a. d. Chir. Klinik zu Tübingen, I. 310—1884). 

In Table No. 4, a summary of all these cases may be found. This 
table shows: First, the cases reported as successful in which motion and 
sensation became normal. Secondly, such as were improved by the 
operation and in which, as a rule, there was only return of sensation. 
In many of these latter cases the patients were observed only for a 
comparatively short time. Thirdly, such as received no benefit from the 
operation whatever. 

In this table, as in that summarizing the reported cases of primary 
nerve suture, owing to the fact that so few details are given, it is often 
very difficult to decide whether to place the case under those which 
may be regarded as successful, or among the ones recorded as im- 
proved; where there was much doubt it was placed in the latter, so 
that in the above table as in the others the chances of error are 
numerous. 

In this summary no mention is made of the time intervening 
‘between the injury and the operation, as an average of this could be of 
but little value and in this respect each case must be studied in itself. 
In general, however, the table of cases of secondary nerve suture will 
show that the prognosis is better and the time of recovery shorter the 
sooner after the injury the nerve is sutured; though it must be 
admitted that this statement is not without exceptions, e.g., the case 
of Jessop (No. 17) in which the intervening period was 9 years. 

Of the nineteen cases of secondary nerve suture of the Median eight 
are recorded as “ successful,” nine as “improved,” and two as “failures.” 
Of the latter only one case (No. 74), in which there was much 
sloughing of the wound after the operation, is reported as having 
received no benefit from the operation; in the other no report was 
made. 

The average time for the return of sensation is given as three 
months; about twice as long as that for the return of sensibility in 
primary suture of the Median. 

There are, however, several reports in which sensation was reported 
as normal, long before three months had expired. In one of Holden’s 
cases No, 11, sensation was improved after sixteen hours; in two cases 
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of Tillaux (66-67), one of which was operated upon fourteen years 
after the injury, sensibility returned quickly. 

In these cases, either the observation must be regarded as faulty, 
as insufficient details are given, or the regenerative and formative 
processes which occur in a nerve fibre after separation from its centre 
may have gone on, in the peripheral end, to such a point that after 
suturing regeneration could take place quite quickly. That is, our 
experimental work on lower animals has shown that the first stage of 
regeneration, the formation of embryonic fibres, may take place in 
the peripheral end even though no connection with the central end 
has been made. Moreover, these embryonic fibres have a low degree 
of irritability and conductivity which might make itself felt at once 
if union with the central end was made after they had been 
formed. | 

The average time for the return of motor power after injury to the 
median is about six and a half months, It is to be regretted that so 
few of the cases give any details as to the return of motion; in some 
of the cases the first observation dates a year or more after the 
operation. 

Of the improved cases only a few showed improvement in motor 
power, and in many of them sensation though improved, never became 
entirely normal. The table shows that only twelve of these nineteen 
cases were under operation long enough for complete regeneration to 
have taken place, so the report of these improved cases, as Bowlby has 
clearly pointed out, can not be taken as final. 

The ulnar nerve has been operated upon for secondary nerve 
suture twenty-four times. In seven the result was “successful,” in 
fifteen there was “improvement,” and in two a report of “failure.” 
In the majority of the above cases improvement was slow, and in some 
of the cases was not completed until two years and six months after the 
operation. The average time for return of sensation may be given as 
about three and a half months; yet, here also, there are a number of 
cases (Nos. 17, 20, 21, 28, 27, 47, 49, 77 of the table) in which sensibility 
was improved at the end of a few days. In Willett’s case (No. 77) 
and in one of Langton’s (No. 25) sensation was again lost after it 
had been once established. The reason for this may, no doubt, be 
found in the fact that inflammation and suppuration “set up” in the 
wound some time after the operation. | 

The return of motor power was much slower and, in the majority of 
cases, was not apparent until ten months after suture. 
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The median and the ulnar were operated upon simultaneously 
ten times. Two cases are reported as “successful,” sensation and 
motion being considered approximately normal at the end of eighteen 
and twelve months, respectively; six are reported as improved —one 
of these (No. 2) was under observation only five weeks, in the others 
there was some return of sensation; two are reported as failures ”—one 
of these cases (No. 33) was observed only three months, and the other 
(No. 9) six months. In one of these cases (Simon) it is very inter- 
esting to find that he makes a note of the fact that stimulation above 
the suture might give a contraction when direct stimulation of the 
peripheral end was ineffective, that is, the newly regenerated fibres are 
capable of conducting impulses before they regain their irritability to 
direct stimulation, a fact upon which we have laid so much stress in 
our experimental work, Part IT. 

Of the twenty cases of injury and secondary suture of the musculo- 
spiral, eleven were “successful,” the time of recovery varying from three 
months to three years; of the “improved” cases some were observed 
only for a short time—No. 52, 14 days, No. 8, “one month,” others, as 
will be seen from the table, for several weeks. The prognosis in cases 
of injury to the musculo-spiral, followed by nerve suture, seems, 
therefore, more favourable than in the other nerves of the upper 
extremity. Of the two failures, one case (No. 32) was seen only six 
weeks, in the other the report only states that “no improvement 
followed.” 

Of the other two cases of injury and secondary suture of nerves in 
the upper extremity, one was recorded as “improved.” This case 
(No. 40, Median and Radial) was under observation only three months ; 
in the other case (No. 36, Injury of upper cord of Brachial plexus in 
neck) sensation and motion were normal at the end of one year. 

Of the five cases of injury and secondary suture of nerves of the 
lower extremity, four were of the Sciatic nerve and one was of the 
Popliteal nerve. Of the cases of suture of the sciatic, one was 
“successful,” sensation and motion being reported as normal at the 
end of two years; two were “improved.” In one of these two a large 
ulcer, which had existed on the outer side of the leg for some time 
before the operation, healed soon afterward. One case received no 
benefit from suturing. 

In the case of secondary suture of the popliteal, sensation returned 
in several months; motion not until three years later. 

Of the eighty recorded cases of secondary nerve suture, 38 */, 
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were “successful,” 50°/, were “improved,” and 12°/, may be regarded 
as “failures.” 

From a clinical standpoint, then, it may be said that the prognosis 
in the operations for “secondary suture” is good. Improvement is 
almost certain, and in a large proportion of the cases complete success 
may be expected. For references to the surgical literature made use of 
consult the tables of primary and secondary sutures. 
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VARIATIONS EXPERIMENTALLY PRODUCED IN THE 
SPECIFIC GRAVITY OF THE BLOOD. By C. 8. 
SHERRINGTON, M.A., MB., anp S. MONCKTON COPE- 
MAN, M. A., M. D., late Research Scholar of the British Medical 
Association. Plate IV. 


From the Physiological Laboratory, St Thomas's Hospital, London. 


THE ingenious method devised by Roy“ for estimating the specific 
gravity of the blood puts into possession of the physiologist a means of 
making rapid and accurate observations at the expense of the with- 
drawal of a single drop, or even a fraction of a drop of blood. After a 
little experience of the method it seemed to us that it might be 
worth while to study in this way results which follow the injection 
of quantities of saline fluid into the circulation“. We are induced to 
place our observations on record here, although in some respects their 
extent is too limited, because circumstances render it unlikely that we 
shall have opportunity to further pursue the subject together. 

Roy’s method is now so well known that we need not explain it 
here in detail, except in so far as to refer to the particulars and pre- 
cautions followed in our own experiments. Briefly stated, his method 
consists in determining the specific gravity of the blood by observing 
whether a drop of it rapidly withdrawn from the circulation, and placed 
in a solution of known specific gravity, rises, sinks, or remains stationary 
in that solution. 

The first step in carrying out such observations is the preparation 
of the solutions which are to serve as standards of specific gravity. We 
prepared a series of solutions ranging from a specific gravity of 1025 
to 1070, one member of the series corresponding to each unit of the 
third place of decimals. 


The solutions were prepared by weighing, and tested by an accurate 
hydrometer made by Dring and Fage. The solution employed was of 
Barff’s boroglyceride, glycerin and magnesium sulphate in distilled water 
with the addition of a small quantity of mercuric perchloride solution. 

From a solution of these with a sp. gr. of 1-040 the series of fluids was 
prepared by the addition of distilled water on the one hand or of glycerin on 
the other. 

1 This Journal, Vol. v. p. ix. 

2 Several of the results dealt with in the present paper were the subject of a short com- 


munication made to the Physiological Society in May 1890, ef. Proc. of the Phys. Soc. No. 
111, 1890, 
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A large quantity (2 litres) of each unit of the series was made up, and 
these fluids retained their specific gravity throughout the somewhat extended 
period over which our work has been spread. The constancy of the series 
was several times verified by going over it unit by unit with the hydrometer 
and also by the method of weighing. 
Blood does not clot very rapidly in these solutions and that desideratum 
it was, coupled with the antiseptic properties, which led us after some previous 
trials to adopt this slight modification of Roy’s original mixture. Lloyd 
Jones! also has employed corrosive sublimate for the preservation of the : 
fluid. At first we were careful to observe the temperature of the room at the 


time of making the observation, but this precaution was found to be needless 
and was afterwards discontinued. 


Inasmuch as actually the same fluids have been used throughout 
the work, and have kept well, our series of observations are completely 
serviceable for comparison among themselves. But it may be well to 
furnish some guide for an estimate of the absolute values our figures 
possess in relation to those recorded by other observers, especially by 
those who have used the same method as ourselves. The following is a 
list of estimations of the specific gravity of the blood of healthy animals 
of various species recorded by the authorities appended. 


Species Specific gravity Observer 
Frog (winter) Highest of 14 observations 1:053 Lloyd Jones’ 
Lowest „ 1-034 1 
Blackbird 1-066 
1062 
Sparrow 1-074 
10635 
Rabbit 1046-1052 Gschleiden* 
Dog 1059 Nasse 
1 1048-1068 Pfluger 
Man 1045-1056 Davy“ 
1-054 Nasse’ 
10541060 Becquerel & Rodier“ 
1 1050 Schmidt“ q 
1058-60 Quincke“ 
1 This Journal, Vol. vil. p. 1. 2 This Journal, Vol. x1, p. 306. 


Unters. a. d. physiol. Lab. zu Wiirzburg, 11. p. 151, 1868. 
Quoted by Gschleiden, Physiol. Méthodique, p. 328. 
5 Archiv, Vol. 1. p. 75, 1868. 


6 Researches on Physiological Anatomy, Vol. 11. p. 15. 
Wagner, Handwörterbuch, Vol. 1. p. 131. 

8 Recherches sur la composition du sang, p. 22, 1844. 

® Caractéristique du Epidém. Cholera, p. 31. 

1% Virchow’s Archiv, Vol. Liv. p. 541, 1872. 
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Species Specific gravity Observer 
Man? about 1-055 Lloyd Jones“ 
10562 Schmaltz“ 
1052-60 Davy 
1-055 Nasse“ 
1058-62 Becquerel & Rodier“ 
1060 Schmidt’ 
1 1-058 Lloyd Jones 
10591 Schmaltz? 


Specific gravity of the blood in various animals, observed by ourselves. 


Name | Date |Sex| Weight Age Blood from | Condition | Sp. gr. 
Fowl re M — — comb — 10640 

Mouse Oct. 14/89 F — — ear — 10590 
Rat — tail — 1.0560 
Guinea-pig Feb. 21/89 F — — ear large, ad- 10510 

vanced in 
” ” foetus in 1-0603 
utero 

x Feb. 11/90| M on aes ear — | 10590 

7 14 — 608 — 5 — 10560 
Rabbit Nov. 14/87| M 15 o —. — — 10526 

” „ 15/87| M 5 „ 0 „ nose 19580 

” ” 21/87 M 4 55 1 ” — ear — 10496 

” „» 28/87) — 4 ” ” ” 1:0516 

” ” 30/87 ” large & fat 10576 

„ 30/88 — 27782 kilos — * — 10576 

* Feb. 7/88 — S Ibs. 62 o — 1-0543 

8 „ 15/88 — | 2-289 ki — ve — | 10556 

* Mar. 10/88 | — | 2-884 „ — 0 — | 10556 

Aug. 2/88 — 51 lbs. — — | 10506 

” „ 4/88) — — — — — 1-0463 
Monkey Sep. — | 2°161 kilos — cutaneous — 10516 

vessel of arm 
Rabbit | Oct. — large | 1-0520 

Nov. 2/88 | — | 7 lbs, 4} oz — ear 10546 

” ” 9/88 ” 1-0490 

” ” 18/88 half. small 10478 

” ” — — wn | ear (vein 5 10426 

„ 16/88 — lbs. 5 on. „ 19446 

” ” ” ” ” 1-0436 

” ” ” — | 3lbs. 55 „ „ — 10446 

” ” — 2 1 5 * ” ” ” 1-0456 

” ” 28/88 — ” 12 ” ” ” ” 

” ” ” ” ” ” 0450 

20/88 451 not half-grown ear — 10446 

1 loc. eit. Deutsche medic. Wochenschr. No. 16, 1891. 


* Researches on Physiological Anatomy, Vol. 


N. p. 15. 


* Quoted by Gschleiden, Physiol. Méthodique, p. 828. 
Nec here hes sur la composition du sang, p. 22, 1844. 


* Caractéristique du Epidém. Cholera, p. 81. 
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Name Date Sex Weight Age Blood from | Condition | Sp. gr. 
Rabbit Nov. 26/88 | — | 3 lbs. 5 oz. — ear — 10470 
„ — „ 2, — | 1-046 
„ 7/88 — 10615 kilos — 110806 
Dec. 4/88 | — — — ear (artery) — 10450 
4 „ 18/88 — 3514 kilos — ear very large 1°0463 
Jan. 10/89 F 7 lbs. 10 — — — 10580 
a „ 15/89 F | 8°478 kilos = ear & thigh — 10580 
„ 23/89| M | 6lbs. 402 — ear very good 10586 
* 7 weeks is — 10490 
” ” ” M 1 ” 8 ” ” ” * 1-0506 
” ” ” F 1 ” 11 ” ” ” ai 1-0523 
” ” 29/89 X 1 ” 4 ” ” 1-0476 
” ” Mil ” 13 ” ” 1-0506 
” ” 5 * ” 1:0500 
„ 30/89; — -878 8 weeks — | 10526 
Mar. 10/60 F Ibs. 402 — poor | 1-0490 
” ” — ” 1 ” ear (arterial) 1-0500 
” ” ” Mi 4 ” 13 ” N 1-0520 
” 0. 
” 26/89 — 5 ” 1-0480 
May 7/89 F | 2-182 young ear(arterial)| — 1-0513 
„ 11/89 M 6 lbs. 23 oz. — ear _— 10573 
” ” 21/89 — 14 ” ” young ” spe 1-0516 
” 24/89 M 4 ” 1-0460 
” ” 29/89 M 2 ” 7 ” = ” 2 1-0453 
M — — med. size 
” ” ” large 
” ” ” ” 1-0493 
8 „ 14/89) — — — small | 1:0500 
„ 15/89 — — — small poor 1-0446 
condition 
2 M 7 Ibs. 15 0 ” 1-0540 
” July 21/89 * small 1:0553 
„ 22/89 — Abs. 15 02. — — 10510 
Sep. 8/89 F 8 „ 12, — — 10520 
57 „ 4½% 9 M 4 „ 10,, ” * 1:0510 
Oct. 10/89|M 5 „ 68, — — | £0566 
11/89 F 4 — ” 10523 
” ” 12/89 F 4 ” ” — ” Ay 1-0500 
” ” 15 F 7 4 ” ” poor 1:0456 
” ” 17/89 4 lbs. ” good 
” ” ” 8 oz. young ” mg 
” ” 18/89 X 4 ” 9 ” ” ” Pr 10516 
” 20 — 6 6 ” — ” 1-0526 
” ” — 8 15 ” ” 1-0563 
” ” 24/ xX 4 ” 15 ” ” 1-0493 
” Feb. 19/90 F 6 ” 13 ” * ” 28 1:0560 
” ” 25/ —|5 55 6 ” ” 1-0530 
” ” 28/ F 5 ” 6 ” n ” . 1-0520 
Mar. 1/990|M/|6,, 7,, — — | 10520 
” ” 5/90 ” 1:0533 
55 ” 14/90 — ” 1-0530 
2 F — — small 
” ” M | 7 lbs. 1A oz. 
” ” 13/90 wary? ” 1:0576 
„ 29/90| M Ibs. 73 on. — — | 10540 
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Name Date Sex Weight Age Blood from Condition | Sp. gr. 

Rabbit yo 160 M — — ear — 

” 1 ” large 

22/90 M — — small | 1°0580 
” ” 24/90 ear (right) 1-0560 
„ 29/90) F | 5lbs. 1402. — ear — 10490 
May 6/0 F well-fed 1-0526 
* „ 10/90| M 3572 grms. — jugular vein good ’ 

Cat Mar. 20/88 F — — ex. jugular v. pregnant 10550 
8 Feb. 7/0 F 6 lbs. 5402 adult ear — 10506 
„ 20/90) F | 6lbs. 63 on adult at — 10516 
* Mar. 22/90 | — — — it — 10553 
May 12/92 — — — — 10603 

Dog Jan. 18/88 | M 9579 grms. young small artery| large 10550 

. — — — very 
i Bet. hnd 
„ 8/89 M — under — — 10620 
12 months 

* June 17/89 | — — — ear small 10566 
gs Oct. 27/89 | — 7943 grms. | 9 months * — 10566 
os Nov. 2/89 F — puppy * — 1-0520 

51 F — 9 months 90 — 10570 
1 Dec, 1/89 F — puppy * — 1-0526 
2 Feb. 7/90 F — 34 months 1 — 1-0496 

oz mon — 

Goat May 6/1 — 7 : 1-0620 

Horse . 8/90) F — old jugular vein emaciated 10510 

Calf May 10/91 | — — — — — 10583 

Monkey 17 — 4819 grms. — ear large 10566 

95 Jan. 49 — — — a — 1-0566 

Man 1888 — — 29 finger healthy | 10561 
” 24 ” ” 1:0540 
” 31 ” 1-0562 
” ” 18 ” ” 1-0550 
” ” 19 ” ” 1-0580 
” ” a 2 7 36 ” ” 1-0562 
* 19 ” 1-0563 
” 19 ” ” 1-0566 
” 27 ” ” 1-0605 
” ” 4h 24 ” * 1-0600 
” ” 23 ” 1-0593 
* ” 7 ee 19 ” ” 1-0600 
” 27 ” ” 1-0596 


Certain precautions have to be observed in the manner of withdrawal 
of the specimen of blood and in its transference to the standard solution. 
The drop of blood must not be taken from any portion of the circulation 
subjected, in the least degree, to obstruction from the venous side. A 
very small degree of venous obstruction suffices to increase to a quite 
detectable extent, the specific gravity of the blood. Mistakes from this 
cause can be easily avoided in the rabbit, by taking the blood from 
a vessel in the ear when the neck is not tightly stretched and is free 
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from compression. Care must also be taken to avoid admixture of the 
drop of blood with lymph; but in a part where the course of the vessels 
can be easily seen, as in the ear of the rabbit, this source of fallacy is 
not difficult to avoid, especially if, as was done in most of our 
experiments, the sympathetic trunk in the neck be divided as a 

The portion of the blood which is expelled from the pipette latest is 
not infrequently of a sp. gr. some 0005 above that of the portion expelled 
first. This is owing partly to capillary action in filling, and partly to 
friction of the blood against the wall of the pipette. The difficulty is 
overcome by using the same relative portion of each drop withdrawn. 

We have followed Lloyd Jones in using a capillary pipette for 
transferring the minute quantity of blood to the standard solution. 
A fresh pipette, recently drawn in the blow-pipe flame, was used 
throughout our work for each single observation in order to avoid any 
trace of admixture of two successive drops of blood and to avoid the 
rapid clotting which goes on in the drops if received into a pipette in 
which blood has previously been received. A further precaution which 
we also found necessary was to see that the pipettes were carefully dried, 
as moisture tended to condense within them, during their cooling after 
they were drawn. To make an observation, small quantities of the 
standard solutions likely to be used in the observation were placed in 
each of a row of little glass cylinders so that the specimen of blood 
could be with ease placed in any one of them as desired. 

It is hardly necessary to lay stress on the fact that in any experiment 


dealing with the specific gravity of the blood it is of extreme importance 


to avoid hemorrhage, because even a slight loss of blood causes a dimi- 
nution of the specific gravity of the blood quite sufficient to disturb 
the observation. 

The method employed determines of course only the specific gravity 
of the blood considered as a mixed and complicated whole. What 
particular factor, or factors, in each case caused in our experiments an 
alteration in the specific gravity remains to some extent a matter of 
conjecture. It is obvious that the alteration might be due to one, or 
two, or all of the following causes : 

1. An increase or diminution in the number of corpuscles in a 
given volume, the specific gravity of individual corpuscles and of the 
plasma remaining unchanged. 

2. An increase or diminution in density of the plasma, the specific 
gravity and the number of the corpuscles remaining unaltered. - 


€ 
1 
— 
* 
tal 
* 
0 


58 C. S. SHERRINGTON AND S. M. COPEMAN. 


3. A simultaneous increase or diminution in density both of 
corpuscles and plasma, with or without alteration in the number of 
corpuscles in a given volume of the blood. 

Schmaltz from observations with his capillary pycnometer con- 
cludes that broadly speaking the sp. gr. of the blood varies directly with 
the percentage of hemoglobin, but is largely independent of the number 
of red corpuscles. Lloyd Jones expresses somewhat the same opinion. 
Some experiments we carried out, in which the number of corpuscles in a 
specimen of blood, as determined by the hemacytometer, was compared 
with simultaneous observations on the specific gravity. 


For this purpose a ligature was passed round one limb of a rabbit, so as 
to induce venous obstruction and thus cause a considerable rise of specific 
gravity in the blood of the ligatured part after a longer or shorter interval. 

Some of the observations obtained are shown in the following table :— 


Gravity Gra: Number of Corpuscles Number of Corpuscles 
Expert belore Licature, — per after 
1 1057 10606 6,550,000 8,465,000 
2 10573 1062 6,625,000 8,966,000 
3 1 10686 6,322,000 10,289,000 
4 10586 10583 6,183,000 6,093, 


In the fourth experiment the ligature, more tightly applied, appears to 
have hindered the arterial as well as the venous flow, as when a drop of blood 
was removed from the part below the ligature it was of an extremely dark 
purple colour, while, as is shown in the table, both the specific gravity and 
also the number of corpuscles had fallen slightly instead of rising, as in the 
other cases. The experiment is quoted, however, as it forms a useful control to 
the others, in which, apparently, the venous flow only was obstructed. 


In experiments on rapid injection of saline solution into the 
vascular system, the fall of sp. gr. observed must go hand in hand with 
a diminution in number of the red corpuscles per unit volume of blood. 
Thus in the rabbit in one instance the blood having a sp. gr. of 1057 
possessed 6,550,000 corpuscles per cubic mm., in another 10573 gave 
6,625,000, in a third 1058 gave 6,332,300, and in the course of 
experimental dilution, when the sp. gr. had fallen to 1:0495, the number 
of corpuscles had fallen to 3,900,000, and again when 1039 gave 
1,800,000 per cubic mm. 

In a similar way, in cases of paroxysmal hemoglobinuria, when 
during the paroxysm the red corpuscles are broken up and the dissolved 
hemoglobin has escaped from the blood, the diminution in number of 
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the corpuscles is accompanied by a concurrent lowering of the specific 
gravity of the blood, as the following observations show. 


Man (before paroxysm) 10523 2 


5 after * 10515 3,680,000 
86 after ae 10505 3,440,000 
5 after = 10506 2,970,000 

5 after ** 1047 2,760,000 


At the same time it is certain that the sp. gr. of the plasma itself 
was also lowered, and this not only in the experiments on injection into 
the vessels but in those in which the sp. gr. of the blood as a whole was 
lowered by hemorrhage’ or by the injection of solutions of glucose, 
sodium sulphate, etc. It seems certain also that the substance of the 
coloured corpuscles has its share of the additional amount of water, and 
those corpuscles themselves also become of less — gravity than 
previously. 

We have also examined the specific gravity of the blood i in a number 
of cases in which anemia was a prominent symptom of disease, about a 
hundred cases having been observed. Our observations on other diseases 
have not been numerous, but the results are given that they may 
be of use for purposes of comparison. The observations were for the 
most part taken at the same time of day, about 11 AM., a point which 
Lloyd Jones has shown to be of importance. In the table we have 
placed beside our own results, for purposes of comparison, some obtained 
by Quincke and others working with the older methods, as well as 
some of those by Lloyd Jones, who used Roy’s method. 

In the table the numbers on either side of a hyphen denote the 
maximum and minimum of the observations relating to that particular 
disease ; where one number only is given, that is the only one that has 
been recorded. It is worth noting that it is not possible in some cases 
to form at all a correct judgment of what the specific gravity of the 
blood is likely to be from the appearance of the patient, as under 
certain circumstances, which are at present but ill-understood, the tint 
of the skin doés not necessarily form an index of the poorness or the 
reverse of the circulating blood. This fact has also been noted by 


1 Popp, Ueber die Beschaffenheit &. 1845. V. Lesser, Arch. f. Anat. u. Phys. 1878, 
p. 41, 
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Oppenheimer“, who, in the course of a series of observations on the 
enumeration of the blood corpuscles with the hemacytometer, frequently 
came across such apparent discrepancies, the anomaly being explained, 


according to him, by the theory of an irregular circulation. 
Specific Gravity of the Blood in Various Diseases. 


Disease Ourselves Quincke * Lloyd Jones 
Anemia : 

Chlorosis? 1041—1043 | 1035-2-1049°1 (pro- 1045°8 (mean of 1032—1045 
bably included observations on (severe cases) 
cases six chlorotic girls) 
ous ) 

Pernicious 

anemia 1027—1034 — — 1029 —1040 

Leucocythamia | 1048-5—1051 — — — 

(1 case in last 1044°3 (1036—1049°5 Ro- 

stage) = 1032 range 
of five cases — 

Gastric ulcer 1038 ( an 
semic)—1050°5 — — — 
Lym 1062 — — — 
Hemoglobinuria  1050°3—1052 — — — 
i 1033—1052 — 1052.5 (mean of se- compensated 1054 
(none congeni- ries of 24 cases) uncompensated 
1050-2 of se 
cases | congeni — 
in third stage) 1072 
Diabetes 1058—1061 1054-9—1059°5 — 1054 —1061 
Cirrhosis of liver 1046—1052 10496 (with be- 
with ascites mophilia) — — 
Acute nephritis 1041—1057 — — 1038 —1060 
1054°5—1060 | 10473—1048°7 — 10345—1060 
Ureamia 1052 1050°5 — 
Tuberculosis (of 
kidney) 1048°5 — — — 
Tubercular 
tonitis 1057—1059 — — — 
Chorea 1050 —1054 — — 
Chronic hip 
disease 1042—1047 — — eS. 
tery 1049—1052 — — visi 
0 io plumbism 1031 — — oie 
1508 —1062 — — on 
Foetus. 


Lloyd Jones has shown that the blood of the newly-born child is of 
very high specific gravity, whereas the maternal blood during pregnancy 
is of somewhat low specific gravity. It seemed interesting to observe 
whether the blood in the fœtal circulation is of a different specific 


Deutsche med. Wochenschr. 1889, 42—44. 
* Schmaltz, using his capillary pyenometer, found the blood in chlorosis possess 
p. gr. of 1°080—1-049 (29 cases). But he apparently includes cases of pernicious anemia. 
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gravity to the blood in the maternal circulation. Experiments on two 
guinea-pigs showed that the specific gravity of the two bloods does 
actually differ. Great care was taken to avoid any interference with 
the circulation in the foetus during the observations. 


Expertmment. Feb. 21, 1889. Ether and chlor. 
1.45 p.m. blood from ear of mother 10523 
an 2 mesenteric vein of mother 1053 (5, 090, 000 red cor- 


puscles per cub. mm.) 


143 „ * abdominal wall of fœtus 1060 (5,556,000 red cor- 
ö puscles per cub. mm.) 

1.50 „ * mesenteric vein of fœtus 1060 

2.20 „ ” ” „ mother 1054 

„ fetus > 1060 


These results are not in accord with the statement of Scherrenziss“ 
who found the foetal blood of lower specific gravity than that of the 
adult. 

Age. 

The specific gravity in half-grown rabbits is lower than in adult; in 
the following observations the range in twenty-two young rabbits 
extended from 10426 to 1°0546, while in twenty-two consecutive 


observations on full-grown adults the range extended from 1:0506 to 
10580. 


Specifi 


10426 10506 10490 10500 
10436 10513 10450 10516 
10446 10546 10446 10516 
10546 10493 10506 10446 
10490 10453 10476 10473 
10523 10446 | 

(10426—10546). 

Specific gravity in old rabbits. 

10520 10530 10520 10576 
10526 10560 10520 10543 
10570 10560 10530 10556 
10550 10580 10530 10556 
10576 10540 10576 10506 
10546 10530 

(10506—10580). 


Dorpat. Inaug. Dissert. Dorpat, 1888. 
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The effect of intravenous injections of 7 /, NaCl solution on the 
specific gravity of the blood. . 

When a quantity of normal saline solution is injected rapidly into 
the circulation, the specific gravity of the circulating blood is at once 
diminished, but this diminution of the specific gravity persists for a 
short time only, indeed the blood almost immediately begins to return 
towards its previous specific gravity. 

There can be little doubt but that this is due to the speedy escape 
from the circulation of the saline injected. In illustration of the 
rapidity with which it is usual for this return toward the previous 
specific gravity to take place, the following examples may be quoted: 


Example. Rabbit. 4 Ibs. 8 Chloroform and ether. 
1.20 p.m. Sp. gr. of blood from ear = 1 0596. 
1.25 p.m. 70 c. 0c. NaCl ‘7°/, injected per ven. submaxil. in 40”. 

40” after end of injection sp. gr. = 1°0453 
10486 
10506 

10520 

10536 

10556 

10563 

10566 

10570 

10570 

10573 

10576 

10586 


Rabbit. 4 lbs. 9 oz. Chloroform and ether. 
12 noon. Sp. gr. of blood from ear = 1 0510. 
12.7. 70¢.c. NaCl solution 7% injected per ven. jug. ext. 
sinist. in 20”. 
40” gr. = 1:0370 
1-0400 
10416 
10426 
10436 
10446 
10460 
10470 
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60” later end of injection sp. gr. = 1°0476 


120” ” ” ” ” 10483 
120” ” ” ” ” 10490 
10493 
1:0496 


12.37 „ a 6 10503 


It will be noted that the rate of return is most rapid immediately 
after the injection and gradually diminishes. When the injections are 
repeated even at short intervals, the recovery of the specific gravity of 
the blood may be exhibited several times in rapid succession, as the 
following experiment shows, but the recovery is not quite as rapid after 
the later, as after the earlier injections. 


Rabbit. Chloroform and ether. 

1°20 blood from ear 1-0550 

„ 10550 

140 „ a 10550 30 c. 7 % NaCl sol. by ext. jug. in about 30”. 
10490 

145 „ 5 10526 30 cc. 7 NaCl as before. 
10450 
10500 

151 „ 10513 

ie. » re 1:0523 30 ce. -7 / NaCl as before. 
1544 „ 10443 

203 „ 1 10523 30 cc. 7% NaCl as before. 
2-044 „ 10436 

10496 

10540 


It is noticeable, however, that even after a single injection of 33 c.c. 
of the saline into a rabbit of medium size, although the blood returns 
rapidly to very near its original specific gravity, it does not quite regain 
it, there being always a slight dilution of more permanent character. 
The method of Roy is sufficiently delicate to afford evidence that the 
nett result of the injection, as concerns the circulating blood, is a some- 
what lasting slight dilution to the extent of sometimes not more than 
00003 where water is 1:0000. | 

What is the channel by which the diluting fluid so rapidly passes 
from the circulation? In the capillaries of what vascular area or areas 
does the escape occur? It cannot be accounted for in the renal areas, 
as is seen from the following experiments, in which the kidneys had been 
previous to the injection of the saline solution removed from the circu- 
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lation by ligation of the renal vessels. Ligation of the renal vessels 
produced no obvious difference in the rate of recovery of the specific 
gravity of the blood. 


Example. Aug. 2. Rabbit, weight <6 lbs. Ether and chlor. 
1253. Sp. gr. from ear 10506 Inject. of 30 cc. saline into vein. : 
12.57 „ 9 10480 
1.10 „ 10500 
Right and left renal vessels ligatured; at 1.20 inject. of 30 cc. as before. 
1.23. Sp. gr. from ear 10470 
1.35 „ „ 10500 


In other experiments the amount of urine entering the bladder 
after the saline injection was observed by collecting it through cannule 
placed in the ureters near the kidneys. The amount of urine passed 
did not nearly account for the fluid that had escaped from the vascular 


system. 


Example. Rabbit. 53 lbs. Cannule in ureters. Chloral-Ether. Sept. 
14, 1888. 
11 a.m. Sp. gr. of blood from ear = 1-0520. 
11.15 „ 10520. 
11.30 „ 10520. 
30 6 c. o. of 7% saline per ext. jugular dext. 
11.33 „ Sp. gr. of blood from ear 10500. 
11.45 „ 1 10520 (slightly less). 
| 30 c.c. of 7°), saline per ext. jug. dext. 
12.00 „ Sp. gr. of blood from ear 10513. 
30 c.c. of 7 / saline per ext. jug. dext. 
12.15 p.m. Sp. gr. of blood from ear 1°0513. The urine from 11.30 to 
12.15 collected, measured less than 6 cub. cent. although 
90 c.c. of water had disappeared from the blood vessels in 
that time. 


Nor would it appear that the capillaries of the limbs are the 
channel of rapid escape of the injected saline in any considerable 
quantity. The ligation of the blood vessels of all four limbs retards 
the rate of escape no more appreciably than does the removal of the 
kidneys. 


Example. Rabbit J. 7 lb. 14 02. Chloral and ether. 
2 pm. Section of right cer vic. sympathetic. 
Sp. gr. of arterial blood from ear = 1-0546. 
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2.45 p.m. Loops round the two axillaries, and the two femorals both artery 
and vein. 
3.35 „ Sp. gr. of arterial blood from ear 1-055. 
Cannula into external jugular (left). 
4.0 „ Sp. gr. from ear = 10546. 
4.2 „ 30 0.0. 6 % saline at 38°C. in 60”. 
4.4.30 Sp. gr. of blood from ear 10490. 
4.12 „ 1052. 
” ” ” 10546. 
4.40 „ Ligatures round limb vessels drawn tight. 
4.50 „ Sp. gr. of blood from ear 1 0546. 
4.53 „ 30 0.0. 6 ¾p saline in left ext. jug. in 60”. 


5.03 „ 10813. 
5.30 „ 1.0540. 


The post-mortem examination of a rabbit, into the circulation of 
which saline solution has been introduced in quantity, offers some clue 
as to the way in which the injected fluid is disposed of. The intestines 
are then usually found distended with a thin watery fluid and often 
very greatly. The lymphatic vessels and glands in the mesentery and 
the spaces in the retro-peritoneal tissue are also distended to a striking 
degree, although not constantly so. Watery fluid lies free in some 
quantity in the peritoneal chamber itself and to a less extent in the 
pericardial and the pleural cavities. The gall bladder is frequently 
distended with thin watery bile. On the other hand the spleen, we 
have seen diminished rather than increased in size, and we have never 
noticed the subcutaneous tissue or the muscles to be cedematous, 

The fluid introduced into the circulation would therefore appear to 
escape in chief part at least from the capillaries of the abdominal area. 
The following experiment tends to bear out this suggestion. 

In a rabbit, round a loop of the small intestine, three ligatures A, B, 
and C, were placed at equidistant intervals of ten centimetres. Each of 
the loops having been carefully emptied of its contents by light com- 
pression with the fingers, the mesenteric vessels supplying the intestine 
between B and C were ligated. The ligatures round the intestine were 
drawn tight at 3.15 pm. At 3.50 examination of the two pieces in situ 
without opening them appeared to show that they were both empty. 
70 C. of normal saline solution of the body temperature were then intro- 
duced into the circulation by the right external jugular vein, reducing the 
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specific gravity of the blood 14 minutes after the injection from 10523 
to 10380. At 4.30 the animal was killed and the intestine examined, 
when the piece included between the ligatures A and B was found to 
contain 6 C.. of watery fluid, the piece between B and C being abso- 
lutely empty. The bladder was full of urine. The small intestine was 
distended with watery fluid, the large intestine at its lower part 
contained the usual scybala but little watery fluid, nor were the contents 
of the cecum or stomach obviously abnormal. 

Again, the effect of ligation of the abdominal aorta points in the 
same direction. 

Example. Rabbit. 7 Ibs. 20zs. Chloroform and ether. 


4.0 p.m. Sp. gr. of blood from ear = 10550. 
4.2 „ 30 0.0. NaCl solution 6% injected per ven. 
jug. ext. in 60”, 
90” after end of injection sp. gr. 10490. 
83 minutes later is 10526. 
10 10546. 


5.53 f. u. Ven. cav. sup. and aorta ” abd. clamped 
simultaneously just above diaphragin. 


5.54 ,, Sp. gr. of blood from ear 10546. 
5.55 „ 300.0. NaCl solution 6% injected per ven. 
jug. ext. in 60“. 
1} minutes after end of injection 
Sp. gr. of blood from ear 10336. 
24 mins. after inj. sp. gr. of blood from ear 1 0340. 
10 minutes later „ 5 1-0340. 
10 „ 10346. 
10 ” ” ” ” 10350. 


Thus the saline injected seems in large quantity to escape from the 
circulation in the abdominal area. It will be remembered that Worm 
Muller! gives reasons for believing that saline injected in large quantity 
into the circulation of the dog becomes distributed in the capillary 
region of all parts of the body fairly equally; in the limbs for instance 
just as in the abdominal area. 

The above experiment as to the destination of injected saline in the 
rabbit stands so far in complete harmony with the lucid summary of 
facts concerning hydremia given by Cohnheim in the Allgemeine 
Pathologie. Cohnheim and Lichtheim® showed that when a huge 

Ludwigs Arbeiten, 1874, p. 159. 
2 Vol. 1. p. 430, 2nd edition. 
VPirchow's Archiv, Vol. uxrx. p. 106. 
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quantity of normal saline solution is injected into the vascular system 
of the dog a considerable portion of it escapes in a comparatively 
short time from the circulation, and that the portion which escapes is 
recoverable not from the muscles, or skin, or lungs, but from the peri- 
toneal chamber and the intestines. A certain difference between our 
own experiments and the previous ones exists in the smaller quantities 
of normal saline used in the former. For Cohnheim’s observations 
relatively huge injections were made, and though he points out that 
with these injections hardly a half of the fluid introduced remained at 
all lastingly in the circulation, from his summary in the Vorlesungen 
it is clear that he supposed that with smaller injections of saline the 
quantity introduced would not escape, but would be found room for in 
the vascular system, remaining, but causing no lasting increase in the 
blood pressure although a decided increase in the mean rate of blood 
flow. Our experiments indicate that in the rabbit when a quantity of 
normal saline varying from 2°5 % to 25% of the body weight is injected 
into the circulation rapidly, e.g. in less than 60”, two-thirds of the 
injected quantity has usually passed out of the circulation again by 
the end of the first five minutes succeeding the injection. 

Although no doubt the exit of the injected saline solution takes 
place chiefly through the walls of the capillary blood vessels, there is 
reason to think that it may also partly occur through the walls of veins, 
even of large veins. This seems to be the case even with the wall of 
the inferior vena cava of the rabbit, as the following experiment indi- 
cates. 


Rabbit small 3. Ether and chlor. 
Sp. gr. of blood from ear = 1058. 
5.16 p.m. 3 ligatures that had previously been placed round inf. ven. 
cava pulled tight simultaneously. 
5.30 „ Ligated portions of vein removed and the blood in them at once 
examined in the two compartments. 
The blood in one piece had sp. gr. = 1063. 
Blood in other piece „ = 1063. 
No clot was found in the vein ; and there was no side branch of 
the vein between the two end ligatures. 


The relation between the rate of exudation of fluid from the blood 


vessels and the mean arterial blood pressure obtaining for the time is 
a subject that has been so much elucidated by various experimental 
workers in the laboratories of Ludwig and Heidenhain, that it is not 
necessary to enter upon the question here; but we have several times 
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had occasion to remark that the rapid injection into the circulation of 
a rabbit of 30 to 60c.c. of saline solution does not usually cause even a 
transient alteration in the mean arterial pressure as registered from the 
carotid artery. And we have several times ascertained the somewhat 
to us surprising fact that a previous complete section of the spinal cord 
in the cervical region does not detectably alter the rate of escape from 
the circulation of saline solution injected rapidly per venam of the 
rabbit. 
Rabbit g. 6 Ibs. 7 ozs, Ether and chlor. 

12.40 p.m. Sp. gr. of blood from ear = 10516. 

12.42 „ 30 0.0. of saline solution into jugular at 35°C. 

12.44 ,, Sp. gr. of blood from ear 10486. 


12.49 „ 10 10510. 

1.10 „ ” 10513. 

1.20 „ Spinal cord completely divided above atlas vertebra almost 
without hemorrhage. 


Artificial respiration. 
1.23 „ Sp. gr. of blood from ear = 1047. 
2.20 ” ” ” ” 10466. 
2.40 ,, 1 10466. 
2.42 „ 300 o. o. ‘alias solution into ext. jugular at 35°C 
2.44 „ Sp. gr. of blood from ear = 10403. 


1045. 
3.0 „ 1 ” 1 1046. 
10466. 


A fact that was constantly brought home to us was that towards the 
end of a lengthy experiment, when doubtless the arterial blood pressure 
had become low, the specific gravity of the circulating blood, even 
although no saline had been injected during the course of the experi- 
ment, nor any hemorrhage occasioned, became lowered slightly but 
distinctly. Just before death so constantly did a slight and rapid 
diminution in the specific gravity of the circulating blood occur, that 
we have been accustomed in our laboratory notes to refer to this as the 
lethal fall. 

As to the influence which the nature of the saline solution injected 
has upon its rate of escape from the vascular system, this is so large a 
subject that we have only attempted to deal with it in a limited and 
incidental manner. It seemed of interest to enquire whether if instead 
of the 7 °/, sodium chloride solution (the so-called normal saline of the 
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laboratory) there were substituted for injection distilled water, the 
escape of it from the vascular system would take place with greater 
rapidity than in the case of the normal saline solution. Zuntz and 
Cohnstein in working at the exchange of fluid between the blood 
vessels and the tissues and using another method than ours, suggested 
that this would be the case’, and indeed it seems to be so, although the 
difference is at any rate not a great one, that is to say, in less than 
15 minutes after the injection of 30 c. of water into a quite small 
rabbit, the specific gravity of the circulating blood had ceased to be 
more than dubiously less in specific gravity than it was before the 
injection, a speed of return to normal of the specific gravity which we 
have seen nearly but not quite equalled in any of the experiments in 
which we have injected normal saline. The above experiment may be 
compared with, for instance, the following, which was made on the same 
day on a rabbit under apparently the same conditions in which a 
relatively smaller quantity of saline was injected in the same way. 


Rabbit. 4 Ibs. 12 os. Ether and chlor. 
10.42 a.m. Sp. gr. of blood from left ear = 10510. 
10.43 „ 30 0.0. distilled water at 38°C. into ext. jugular in 30”. 


30” after end of injection 
Sp. gr. of blood from ear = 10453. 
60“ later „ „ 210466. 
60” ” ” ” 10480. 
60” ” ” ” 10486. 
„ 10493. 
pa 10500. 
10503. 
* < 10506. 
* 10506. 


Rabbit g. 7 Ibs. 15 o. Ether and chlor. 
11.40 am. Sp. gr. of blood from ear = 10550. 
11.54 „ 30c.c. of 75% NaCl aqueous solution at 37°C. into ext. jug. 


in 15”. 
30” after end of inj. sp. gr. of blood from ear = 10490. 
60” later 10496. 
60” ” ” ” * 10506. 
90” ” ” * ” 10510. 
90” „ ” ” 10516. 


1 Pfluger’s Archiv, Vol. p. 303, 1888. 
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3’ later end of inj. sp. gr. of blood from ear = 10523. 


3’ ” ” 10536. 
30’ L 57 77 ” > 1 0540. 


Continued Dilution. 

The repeated injections of small quantities of saline solution into 
the vascular system do not, as may have been inferred from the above 
descriptions, perceptibly lower the specific gravity of the blood, unless 
the interval of repetition be very small relatively to the amount 
injected. And even in the latter case no permanent dilution of the 
blood is brought about. To give an instance, the injection of 5 C.. of 
normal saline per venam into a medium-sized rabbit repeated twelve 
times, once every third minute, thus introducing 60 c. c. into the circu- 
lation in a little over half-an-hour, causes a lowering of the specific 
gravity of the blood of less than a unit in the third place of decimals. 

- On three occasions only have we allowed a continuous flow of saline 
solution to enter the circulation at a slow rate for a considerable time. 
The effect of the slower and continued injection in the rabbit was found 


___ quite similar to the results recorded by Dastre and Loye“ in their 


experiments on the dog. The publication of those experiments appeared 
when we were commencing similar work on the rabbit, and accorded 
so well with what we had seen ourselves that it did not seem worth 
while to prosecute our own investigation further in that direction. 
One point deserving attention is not alluded to in Dastre’s paper. 
That is, the remarkable speed with which at the end of a long- 
continued injection when the specific gravity of the blood has been 
kept down even by 025 degrees of the empirical scale, the blood turns 
toward its previous specific gravity, not however regaining it completely 
for a time. 


Example. Oct. 25th., 1888. Large rabbit. Chloral ether. 
Cannula into branch of left femoral and connected with pressure bottle 
containing normal saline. 
4.0 p.m. Injection commenced. 

Sp. gr. of blood = 1-0520. 

2 10440. 

” ” 10400. 

1038. 

Inject. discoutinued. 559 cub. cent. had been injected. 


1 Arch. de Physiol. p. 253, 1889, and Com. Rend. Soc. de Biol. March 81, 1888. 
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5.10 p.m. Sp. gr. of blood = 1.0450. 


5.20 „ * „ 10480. 
5.30 „ a „ 100490 
5.45 „ bi „ 10500 
6.30 „ 8 „ 10806. 
8.30 „ 1 1 10506 
10.30 „ „ 10503 
11.30 „ x „ 10503 


Example. May 2nd, 1888. Rabbit. 7 Ib. 5 os. Chloral ether. 
Cannula into left submental vein, and connected with pressure bottle 
containing normal saline. 
4.45 p.m. Injection commenced. 
Sp. gr. of blood from ear = 1.0550. 


5.15 „ ive 1-0310. 
5.30 „ 1 10303. 
5.45 ” ” ” * 10290. 
6.00 „ 10310. 
6.15 „ 10270. 
6.30 „ 10270. 
Injection l 1028 cub. cent. had been 
injected. 
6.35 p.m. Sp. gr. of blood from ear = 1-0396. 
6.40 „ 10420. 
7.00 „ 10450. 
8.00 „ ” 10506. 


By continued injection of normal saline solution the specific gravity 
of the blood of the rabbit may be therefore kept for more than an hour 
at a degree of dilution nearly amounting to what would be reached by 
admixture to it of an equal volume of water, and this dilution is 
maintained without production of obvious signs of circulatory, respiratory 
or nervous distress, The urinary, intestinal, and salivary secretions, as 
pointed out by Dastre and Loye, and in the case of saliva by 
Langley and Fletcher’, become very greatly increased and watery in 
character. 


Estimation of the quantity of blood in circulation. 
By observing the alteration in specific gravity of the blood on rapid 


injection of a known volume of saline solution it is evident that a 
means is obtained for gauging the volume of blood in the circulation of 


1 Phil. Trans. crxxx. B. p. 109, 1889. 
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the animal receiving the injection. It is only necessary if the specific 
gravity of the blood of an animal have been already measured to add to 
the circulating blood a definite quantity of an innocuous fluid of known 
specific gravity and then to determine once more the density of blood 
admixed with the fluid injected. Adopting this plan we sought to 
determine the quantity of blood in the circulation under varying 
conditions of age, diet, etc. 

In order to approach accuracy, certain precautions have to be taken 
in the performance of the experiment. Some of these are obvious, and 
some are less so. Sufficient time must be allowed for the injected fluid 
to become thoroughly mixed with the circulating blood to which it is 
added. The time which is estimated for the completion of the 
circulation in the rabbit is 7 secs“ The amount of fluid which we 
injected was generally 30 c.c., occasionally it was 90 C. c. or even more. 
If 30 c.c. be thrown into the circulation in 15 seconds, the usual time in 
our experiments, it would be able to completely traverse the vascular 
circuit six or seven times before the lapse of half a minute from the end 
of the injection, and might be supposed to be completely mixed with 
the blood at the end of that time. To test the probability of this 
assumption we, after injecting saline solution into the jugular vein of 
one side in the direction of the heart, took observations of the specific 
gravity of the blood obtained from a small vein in the opposite ear at 
various successive intervals after the completion of the injection. 
These observations showed us that the blood so obtained was of a less 
specific gravity, thirty to forty-five seconds after the completion of the 
injection, than it was either before or after that interval of time had 
elapsed, seeming to confirm the supposition that the mixing was 
complete in something less than a minute from the commencement of 
the injection of the 30 c.c. 

A second source of error has to be remembered, viz. the rapid 
escape of the injected saline solution from the circulation. This escape 
is rapid, as the experiments quoted in the previous section abundantly 
prove. An observation taken 30 seconds after the completion of the 
injection can, we think, allow time for the escape of about 2c.c., but 
inasmuch as the rate of disappearance seems to be somewhat variable, 
and the quantity must always be small, it seems better to avoid dealing 
with it further than to remember that its influence will be in the 
direction of rendering our estimation of the quantity of circulating 
blood a little larger than is really the case. In order to further obviate 

1 Vierordt, St hwindigkeiten des Blutes, p. 130, 1858, 
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as far as possible the fallacy due to escape of the saline, the injection 
of the small quantity employed has always been made as nearly as 
possible at the same rate and in the same space of time, that is to 
say, the 30c.c. have been injected in 15 seconds. 

A further precaution consists in the avoidance of taking the drops of 
blood to be examined from any part of the circulation that is in the 
least degree exposed to obstruction from the venous side, and this 
point was carefully attended to in the course of our somewhat numerous 
experiments. Loss of blood causes a marked diminution of the 
specific gravity of the blood, as is well known, but where, as in the 
method of Roy, a fraction of a drop is sufficient for determining the 
specific gravity, a fallacy arising from hemorrhage can be strictly 
prevented. It has seemed to us that the specific gravity of circula- 
ting blood varies slightly according to local conditions of flushing 
or constriction of blood vessels. In order to free our ohservations from 
possible error of that nature the drop of blood for estimation has always 
been taken under conditions of particularly free local circulation. For 
instance, previously to taking blood from the ear, section of the 
sympathetic nerve in the neck has been practised as a matter of 
routine. 

Physiological saline solution containing 75% NaCl seemed to us 
the best fluid to employ for dilution on account of its comparatively 
innocuous quality and its low specific gravity. We injected the solution 
at a temperature of 38°C., at which it possesses a specific gravity of 

10046. 
With observance of these precautions the method of experiment 
runs as follows: 

In a rabbit the weight of which is known and to which no solid food 
has been given for 30 hours before the experiment, the cervical 
sympathetic is divided. A cannula is inserted into the proximal end of 
a vein; the external jugular, the submental, and the anterior tarsal 
have been employed by us. A drop of venous blood taken from 
the right ear is then determined by the method of Roy to be of a 
certain specific gravity. Then 30 c.c. of 75 % NaCl solution are injected 
per venam in the space of 15 seconds; thirty seconds after the 
completion of the injection a drop of blood is again taken from a venule 
in the right ear and the specific gravity of it estimated as before. The 
requisite data for the calculation have been then obtained. The 
following experiment will illustrate the method. 

In a rabbit, anesthetized with chloral and chloroform, the right 
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cervical sympathetic was divided; a drop of arterial blood taken from 
the right ear was then shown to be of a certain specific gravity (in this 
experiment 1 0520); 30 C.. of 75 NaCl solution having a specific gravity 
of 1:0046 at a temperature of 38° C. were then injected into the external 
jugular vein in 15”. 30” later a drop of arterial blood was again taken 
from the right ear and the specific gravity of it estimated as before 
(found in this experiment to be 10470). The weight of the animal 
before the injection was 3572 gram.; no solid food had been given for 
30 hours before the experiment. On two assumptions, (i) that the 
blood and injected fluid were thoroughly mixed together in the 
30”—45”, (ii) that only a negligible quantity had escaped from the 


3 | 
| | Table of estimations by previous observers. 
1 
N Lizard (L. agilis) 5˙9 % Welcker | Rabbit 6-6—5-26 Heidenhain 
| Dog 8:37:14 Heidenhain 497 | Gscheidlen 
„Adult 8-9—1 Steinberg 7:14—6-25 Brozeit 
Do young 6•17—5·61 8 Iberg G ” Steinberg 
og O not pregnant 7°87 peigel & | Guinea-pig 78 Gscheidlen N 
Gscheidlen 8-3—8-13 Steinberg 
» at beginning 7°81 Cat 7°52 Brozeit 
of gestation 961—8·4 Steinberg 
» at end of 10°63 i » young 5°61 70 
gestation „very young | 5°78—5°43 ” 
Dog (young) 8°38 Panum Ox 771 Heissler 
Dog 8°46 Colin Sheep 8-01 ” 
8°2—5°5 Jollet & Laffont] Horse 9°75 ” 
Pig (fatted) °), Heissler 
1 Table of estimations by ourselves. 
Quantity of Sp. grav. 
3 nimal Ww saline le 
Rabbit (young) 1871˙1 1450.c. | 10510 10470 | 7-59 
1 ” 2289 30 0. o. 10556 10470 6˙9 
” same + 30 grm. same 1-0550 1-0460 af 
2884 30 0. o. 10516 10146 6° 
1 „ very young) 1061 80 0. o. 1056 10436 | 16°55. 
| 1 3478 40 0. 0. 10550 10460 6˙7 
3572 30 C. o. 10520 10470 7°49 
1 „ (young) 2041 70 0. o. 10606 10453 9•675 
) Dog 9957 30 c.c. 10593 10566 6˙9 
1 „ (young) 6293 100 c.c. 10620 10553 | 12-77 
it * 7943 80 0. o. 10566 10496 6°84 
8760 70 o. 10526 10473 6-776 
Monkey (young) 1948 50 o. 10530 10420 9»018 
| » (rather young) 2161 80 0. 0. 10510 | 10450 | 7:85 
| 
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circulation in 30“/—45“, the calculation ran as follows: 
30. 10046 + 10520 = (30 + x) 10470, 
a = c. weighing 267°6 grm. 
357 1 = 7°49°/, of body weight. 

In our experiments we believe that the method employed yielded 
results which are at least reliable for comparison one with another. 
It would appear from them that the amount of blood in a well-fed 
adult rabbit, dog, or monkey is somewhat less than 7°/, of the total 
body-weight. 

Comparing these estimations with the results obtained by other 
observers using various other methods, in every case involving however 
the slaughter of the animal, we find that they accord most nearly with 
those of Heidenhain“. 

It is a matter of interest that in the case of the young animals the 
estimated quantity of blood relatively to the body-weight is larger than 
the estimated quantity in the adult animal, and the difference is con- 
siderable. Heissler“ however in his observations could find no evidence 
that age has any influence on the proportion of blood to body-weight ; 
and our result is contrary to that obtained by Welcker“, but in accord 
with that of Malassez“ 

We have attempted to repeat the classical observation“ that during 
a period of prolonged fasting the blood shares but slightly in the wasting 
of bulk undergone by the tissues of the body as a whole. 


Experiment. Dog. 17th November. After 10 days very low diet, with 
free allowance of water. Specific gravity blood from ear = 10563. 

72 ce. NaCl sol, 7 % per ven. subment. gave 60” after injection a specific 
gravity of 1-0503. 

And again 30’ later same injection reduced blood to 10500. 

Therefore there were 508 c.c. blood in the circulation, weighing 536 
grammes. 

The weight of animal before injection was 6690 grm. 

The blood weighed therefore considerably less than th of the body-weight. 

Thirteen days later, Nov. 30th, after a very free and nourishing diet for 


1 Disq. crit. et exper. de sanguinis quantitate. Halis, 1857. 

2 Arbeiten a. d. pathol. Institut. zu Munchen, edited by Bollinger, 1886, p. 322. 

3 Zeitsch, f. Rat. Mediz. 1858. 

* Archives de Physiol. 1874, 1875. 

5 Valentin, Repertorium, ur. 289. Panum, Virchow’s Archiv. xx1x. 256, Bidder 
and Voit, Zeitsch. fiir Biol. 1866, u. 307. 
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that period the specific gravity of the blood was 10330. 72 c.c. of the 7 / 
saline solution were then injected as before. Sixty seconds after end of the 
injection the specific gravity of the blood was 10473, and one hour later the 
same observation was again obtained. The carcase, deducting the weight of 
the contents of the stomach and intestine and 144 grammes for the two 
saline injections, weighed 8384 grammes. The amount of blood, as shown in 
the two observations, must have been 584 c. c. or by weight 615 grammes. 
The blood weighed therefore considerably less than ,,th of the total body- 
weight. The return of weight after the fasting period had brought the 
weight up to somewhat more than the weight before the fasting. In that 
thirteen days’ period of return 76 c.. were added to the volume of the 
blood, or by weight 79 grammes, the additional fluid having a specific 
gravity of about 1-0395, probably with proteids to the extent of about 
5 in it. Of the 1694 gram. added to the weight in the 13 days of liberal 
diet succeeding the low diet not so much as rd part had been contributed as 
blood. 


The experiment, and a second which gave results in perfect harmony 
with it, confirm the view that there is a larger percentage of blood to 
body-weight after a prolonged fast than on a free diet. During a period 
of free diet after fasting, other tissues gain in bulk more than does 
the blood. The relative increase in the buik of the blood during 
fasting séemed however hardly so great as might be inferred from older 
experiments; that is to say, the volume of blood in the body seems to 
remain hardly so stable a quantity during fasting as has been sometimes 
supposed. 

A point worthy of mention in connection with the effect of a 
protracted fast upon the blood came clearly into evidence. After 
commencement of the fasting period the blood of the animal under 
experiment at first became of lower specific gravity than it had been 
under the previous normal diet. The specific gravity later regained 
its previous level, and then continued steadily to rise until it finally 
had become much higher than it had been before the commencement 
of the experiment. In each of three experiments of this kind the 
same result was obtained. We quote the following example :— 


Sp. gr. of blood on normal diet, animal weighing 19 Ibs. 4 ozs. = 1-0530. 
Next day spare diet commenced with free allowance of water. 
24 hours later, sp. gr. of blood = 1-0505. 

a 1.0510. 

1 » 1 10515. 

10515. 


q 

| 
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of blood 10525. 


” 1 10530. 

” ” ” 10545. 

” ” ” 10555. 

” ” ” 1-0560. 

” ” ” 10563. Weighs 14 Ibs. 13 ozs. ) 
24 hours later, sp. gr. of blood = 10530. . 

” 1 10535. 

” ” ” 10530. 

” ” ” 10525. 

” ” ” 1 0525. N 

” ” ” 10525. 

” ” 99 10525. 

„ „5 ” 10525. 

” ” ” 10525. Weighs 19 Ibs. 64 O28. { 


In another experiment in a period during which the body-weight 
fell from 6 Ibs. 5} oz. to 5 Ibs. 1 oa, the specific gravity of the blood | 
rose from 10500 to 10566, water being allowed freely throughout. In 
twenty hours after return to liberal diet the specific gravity of the 
blood had fallen to 10520. 3 

Buntzen observed that the corpuscular richness of the blood seemed 
increased rather than diminished by inanition’. 

Bizzozero has noted an increase in the solids of the blood serum in 
the first days of fasting*; Luciani and G. Bufalini have noticed that 
during fasting the percentage of hemoglobin in the blood becomes ) 
increased. Fränkel and Réhmann have recorded the same fact“. 

In a case of marked neurasthenia in a young woman aged 30, we had 
opportunity to examine the blood, and found its specific gravity 1:047 ; 
the degree of emaciation she presented was extreme. Her height was 
5 ft. 2ins., and her weight was 4 stone 5lbs. The observation indicates 
a difference in the character of the blood in what may be called chronic 
fasting as compared with acute fasting. As regards change in specific 
gravity of the blood during a period of rapid increase in weight the 
following example is of interest. A man, aged 45, recovering from severe 

_ dysentery and much emaciated, height 6 ft. $ in. 


1 Om Erniringens &. Copenhagen, 1879, p. 66. 
Atti della R. Accad. d. Scienze di Torino, Vol. Xvi. 
Archivio p. I. Scienze mediche, Vol. v. 20 

4 Zeits. f. physiol. Chemie, 11. 
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Nov. 7, 1889, weight 9 stone 11 lbs. 
spec. grav. of blood from finger, at 6 p. m., 10520. 
Nov. 22, 1889, weight 11 stone 1 lb. 
spec. grav. of blood from finger, at 6 p.m., 10576. 
Lloyd Jones observed that the specific gravity of Succi’s blood on 
the 39th day of his fast was slightly higher than it had been on the 
10th day (1063—1061). | 


As to the conditions which influence the passage of water through 
living animal membrane, the tendency of modern work is to show that 
these conditions are intimately dependent upon characters associated 
with the membrane considered as protoplasm, meaning by protoplasm 
material endowed with life. 

The work of Heidenhain“! upon the intestinal wall, and of 
Tigerstedt“ upon the bladder of the frog, and of Reid“ on the skin of 
the frog, have shown that the physical processes of filtration and osmosis 
are, as it were, overridden by and subservient to, the living nature of the 
cells forming those membranes, and that those membranes when alive 
react quite differently to the same membranes when dead in regard to 
filtration and osmosis. 

It has been of interest to us to carry out a few experiments upon 
the nature of the conditions determining the escape of the fluid we 


_ injected into the blood vessels through the walls of the capillaries; that 


escape, as we have given reason to think, taking place largely in the 
capillaries of the abdominal cavity. 

Zuntz and Cohnstein have suggested that water injected into 
the circulation must escape from it with far greater rapidity than does 
‘ physiological’ saline solution, but they made no comparative experi- 
ments. We compared the rate of escape of distilled water and of 
physiological saline from the circulation and have already quoted an 
example of our results. We quite failed to find any great difference 
between the rate of passage of the pure water and of water containing 
NaCl to the extent of 75% 

Although of course it is abundantly shown by the experiments of 
Heidenhain and others, that conditions which are too subtle for 


1 Pfliiger’s Arch, Vol. iin. Supplem. p. 49 &c. also Réhmann, Pfliiger’s Arch. Vol. 
XII. p. 411. 

2 Mittheil. v. physiol, Labor. in Stockholm, tv. 20, 1886. 

This Journal, Vol. XI. p. 312, 1890. 
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adequate examination by ordinary physical methods, conditions that 
Heidenhain himself considers best expressed by the term vital, 
determine very largely the osmotic and filtration equivalents for 
membranes of which living cells form the component parts, the fact 
must not be lost sight of that living cells when put under stress beyond 
certain limits, instead of overriding and controlling the physical laws of 
filtration and osmosis, give way before them and react in obvious 
obedience to them. This may be beeause by the very extremity of the 
conditions under which they are placed, the state of the living cells has 
been somewhat approximated to that of non-living matter, that is to 
say injured and its vitality lowered. 

The following experiments serve as examples, and are in ey 
with experiments of Klikowicz’, of v. Brasol’, and of Hamburger“. 


Example. Rabbit F. 4 Ibs. 30zs. Oct. 12, 1889. Chloral and ether. 

12.50 p.m. Sp. gr. of blood from ear = 1-0500. 

12.52—12.57 Injection of 12¢.c. of 10°/, Na,SO, in water at 35°C. per 
venam subment. 


12.58 p. u. * of blood from ear = 10480. 


1.10 „ 1.0480. 
1.20 „ 1 = 1 10473. 
1.30 „ 1-047. 
4.10 „ „ 10048. 


Example. Rabbit 3. 5 Ibs. 6 Os. Oct, 10, 1889. Chloral and ether. 

1.30 p.m. Sp. gr. of blood from ear = 10523. 

2.30 „ 10520. 

2·39—3·9 Injection of 40c.c. ‘7°/, NaCl solution at 35 C. per ven. 

subment. ; the solution injected was of about 1-005 sp. gr. 

3.4 p.m. Sp. gr. of blood from ear 10516. 

3.17 „ 1 105186. 

3.21 „ 10516. 

3.22—3.52 Injection of 40 c.c. of 40°/, aq. solution of glucose at 35°C. 
per venam subment.; the solution — had itself a sp. 
gr. of more than 1-022. 

3.58 p.m. Sp. gr. of blood from ear = 1-0370. 

4.22 „ 1-0366. 

4.40 „ ” 10363. 


1 Archiv f. (Anatomie u.) Physiologie, 1884, p. 211. 
2 Archiv f. (Anatomie u.) Physiologie, 1886, p. 518. 
3 Zeitschrift f. Biologie, Vol. xxvm., p. 259, 1890. 
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Example. Young dog J. Weight 7943 gramme. Oct. 27, 1889. 
12.35 p.m. Sp. gr. of blood from ear = 10553. 


1.43 „ » 10550. 
1.44 „ Rapid tedestion of 80 c.c. 7 % NaCl solution at 35°C. per ven. 
submaxill. 
1.52 „ Sp. gr. of blood from ear = 10523. 
2.04 ” ” ” * 10540. 
2.15 „ a 1-0546. 
2.17—2.20 Injection of 40 C. c. of 25% NaCl solution at 35°C. per ven. 
submaxill. 
2.22 p.m. Sp. gr. of blood from ear = 1°0420. 
2.23 „ „ „ ” 10430. 
2.43 „ 10490. 


3.16 „ 11400. of pale urine passed. 
3.47 „ Sp. gr. of blood from ear 10533. 


The blood was now examined with the spectroscope for methemoglobin, 
but no evidence of that compound found. 


Example. Rabbit 4. Mar. 13, 1890. 


2 p.m. Sp. gr. of blood from ear = 1-0576. 

2.33 „ ra 1-0576. 

2.37 „ 45 * a, of 2˙2 sol. of glycogen at 37°C. introduced through 
small opening into the abdom. cavity. 

2.45 „ Sp. gr. of blood from ear 1°0583. 

3.45 „ ” „ ” 10603. 

5.00 „ ” „ ” 10600. 


At death 38 c. c. of fluid found in the abdominal ete this fluid 
contained both sugar and glycogen. 


Example. Rabbit 9 small, Mar. 11, 1890. 


3 p.m. Sp. gr. of blood from ear = 10500. 

3.7 „  30.c.c. normal saline injected per venam jug. ext. 

3.27 „ Sp. gr. of blood from ear = 1 0483. 

4.15 „ 30 C.. of 22% glycogen sol. injected at 35°C. into external 
jugular. Rapid injection. 

4.18 p.m. Sp. gr. of blood from ear 1:0416. 

4.30 „ 1-0410. 

4.32 „ No sugar in some urine voided. 

4.50 „ Sp. gr. of blood from ear 10450. 

5.50 „ 10470. 
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Example. Rabbit. 4 Ibs. 130z. Mar. 19, 1888. Ether and chlor. 


12.30 p.m. Sp. gr. of blood from ear = 10520. 

12.45 „ 1 10520. 

12.46—12.51 55 C.. of fresh defibrinated rabbit’s blood con- 
taining also 2 grms. Na,HPO, introduced into 
peritoneal chamber at 35° 

12.55 p.m. Sp. gr. of blood from ear = 1°0550. 


1.20 „ 1 5 9 10563. 
2.40 „ ” ” ” 10563. 
3.50 „ ” ” ” 10566 
4.30 „ ” ” ” 10566 
5.20 „ ” ” ” 10563 
8.30 „ 10536 
100 A.M 10510 
8.30 P. u. 10 1 10476. 
10.30 a.m. * 10496 


It will be noticed in the experiment on injection of glycose that 
the lowering of the specific gravity of the blood was relatively very 
great. It is natural to suppose that this experiment, showing some- 
what lasting dilution caused by the strong glucose solution injected 
into the blood vessels, has to a certain extent its converse in the 
experiment of adding glycogen to the inter-vascular fluid of the 
body; and it was always noticed that carbohydrate solution introduced 
into the abdominal cavity raised the specific gravity of the blood. So 
also did defibrinated blood. 

The experiments with 10% solution of sodium sulphate throw some 
light upon the experiments made with the same solution by Klikowicz 
under Ludwig’s guidance’. Working with the dog, Klikowicz injected 
per venam a quantity of a 10°/, solution of sodium sulphate sufficient 
when mixed with the whole mass of the blood of the animal to raise 
the percentage of sodium sulphate in the entire mixture up to ‘75. He 
calculated the quantity of sodium sulphate requisite for this purpose 
on the basis of the classical estimation of the total weight of blood in the 
animal being equal to 6 °/, of the body-weight. The injection was carried 
out fairly slowly—i.e. in five minutes, and exactly two minutes after the 
completion of the injection 160 cc. of blood were again drawn from the 
carotid artery. He found that the percentage of the sulphate in that 


1 1 Archiv f. (Anatomie u.) Physiol. 1886. 
PH. XIV. 6 
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blood was 3, 46, 24. Previous to the injection he found the sodium 
sulphate in the blood to be 42, 44, 68, from analysis of 100 C. c. with- 
drawn from the carotid. He considered that were there no escape of 
the salt from the circulation within the seven minutes elapsing between 
the introduction of the salt and the obtaining of the specimen of blood 
for examination, he should have found the following percentages: 88, 
‘88, 87. He concluded that the salt injected escaped in large quantity — 
from the blood in the seven minutes’ interval. 

It must be admitted we think that in this experiment the data for 
the calculation are complicated by the fact that the introduction of 
10°/, solution of sodium sulphate causes a rapid and extreme dilution 
of the blood. Further in Klikowicz’s experiment the loss of the large 
quantities of blood he withdrew from the circulation would of itself 
induce still further dilution’. His experiment therefore fails to show 
that in the short space of from two to seven minutes even half of the 
salt injected had disappeared from the circulation. It merely shows 
that sodium sulphate, like the chloride and the nitrate, when injected 
per venam in strong solutions produces considerable dilution of the 
blood. 


Towards the end of a lengthy experiment it is extremely common to 
find that the specific gravity of the blood becomes lower, and when death 
occurs this diminution may amount to two or three units in the third 
place of decimals. The explanation of this does not appear clear, ous 
considerations that may throw light upon it are the following :— 

Very soon after death the \specific gravity of the blood no longer 
remains equal in all parts of th y, but local differences in it become 
obvious. 


Examples of this are seen in the following observations: 


Rabbit. Four minutes after death. 
blood from external jugular = 1-044. 


mesenteric vein 1 038. 
Guinea-pig. Five minutes after death. 
blood from facial vein 10496. 
» ‘mesenteric vein 10380. 


1 Pfliger has stated (Archiv, Vol. 1. p. 71) that 800 00. of blood can be withdrawn 
from a dog weighing 20 kil. without the sp. gr. of the blood falling more than a unit in 
the third place of decimals. Out obscrvations on this paint have shown e fall much 
greater than that. Vide infra. 
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_. Five minutes later. 
blood from left renal vein 1-0526. 
inferior vena cava 1-0570. 


left external jugular 10390. 

Rabbit. Seven minutes after death. 
blood from right ext. jugular 10590. 
9 mesenteric vein 10573. 
pulmonary vein 10650. 

The clotting that rapidly sets in, in the larger vessels, may help to 
explain some of these variations, but it would appear that in large 
measure they must be due to transference of the watery matters of the 
blood through the walls of the vessels in some areas and a passage of 
watery matters into the blood from outside the vessels in other 
areas. It may be that towards the end of a lengthy experiment 
the latter process has been commenced where, from the above obser- 
vations, it seems sometimes to occur markedly after death, namely, in 
the mesenteric area, and that thus what we have in our note-book been 
accustomed to refer to as the lethal fall of specific gravity of the blood 
is at the end of a protracted experiment thus produced. 


Shock. 


One circumstance which has appeared somewhat remarkable may 
now be referred to. We desired to ascertain what influence, if any, the 
ligation of the splenic vein would exert upon the specific gravity of the 
circulating blood. Through a small opening in the linea alba a ligature 
was quickly and carefully adjusted around the main splenic vein of the 
rabbit. The specific gravity of the blood from the ear was then taken, 
and subsequently the ligature round the splenic vein was drawn tight. 
It was found that in a quarter of an hour's time the specific gravity of 
the blood from the ear was obviously greater than it was before, and in 
one hour aud ten minutes it was no less than 005 higher, ultimately 
rising in the course of eight hours by as much as 0073. The experiment 
was repeated several times, and each time yielded similar though some- 
times less striking results. It was found however that similar though less 
marked rise in the specific gravity of the blood could be induced by 
simply allowing the ligature to lie loosely round the splenic vein without 
permitting it in any way to impede the circulation along the vein. It 
was further found that simply incising the linea alba sufficed to 
increase the specific gravity of the blood, especially if at the same time 
the abdominal contents were in any way disturbed. The effect of simple 
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incision of the linea alba upon the specific gravity of the blood was 
however less certain to cause an increase than was the placing of a 
ligature upon any portion of the mesentery 


Example. Rabbit p. Small. Ether and chlor. 
10 am. Sp. gr. of blood from ear = 10500. 


10.15 „ 10500. 
10.30 „ 1 * 10500. 
Abdomen opened by incision along linea alba, and 
edges of incision then readjusted. 
10.45 „ Sp. gr. of blood from ear 1 0520. 
11.15 „ 10530. 
1.15 p. u. 5 1-0563. 


As forerunner or accompaniment of the increase of specific gravity 
of the blood thus produced we noticed symptoms of circulatory disturb- 
ance which were very constant in their appearance. The ears would 
become anemic, although on the side on which the cervical sympathetic 
had been divided as a matter of precaution the anemia was not enough 
to interfere with the observations on the blood. Breathing became 
rapid and shallow ; examination of the mesentery showed it to be very 
hyperemic; the pulse became abnormally frequent. Indeed the 
symptoms agreed broadly with those which the surgeon denominates as 
indicating “shock.” To study the condition further, graphic records 
of the aortic blood pressure and of the respiration were taken in rabbits 
alongside of the observations on specific gravity of the blood. The 
recording of the blood pressure, involving as it does the admixture of 
some strong saline solution with the blood, seemed to diminish very 
much in every case the rise in the specific gravity otherwise obtained ; 
this difficulty was partly met by using normal saline in the junctional 
cannula; the other features of the experiments resembled accurately 
those in which no actual blood pressure record was employed. The 
following is quoted as typical of the observation when graphic records 
were employed. 


Example. May 8, 1890. Rabbit P. 6 Ib. 402. Ether. R. cervic. 
sympath. divided. 


II a.m. Sp. gr. of blood from right ear = 10563. 
Aortic blood pressure 122 mm. Hg. Respiratory oscillations 
18 mm. Hg. Pulse rate 21 in 10”. Respirat. rhythm 25 
per minute. 
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11.35 am. Sp. gr. of blood from right ear = 10560. 
Aortic blood pressure 124 mm. Hg. Respiratory oscillations 

195 mm. Hg. Pulse rate 20 in 10”. Respiratory rhythm 
26 per minute. 

11.36 to 11.36.51 Incision along linea alba from xiphoid to pubes. During 
the first 4 seconds of the operation the blood pressure fell from 
124 to 114; in the next six seconds it rose from 114 mm. 
to 127 mm., in the next 12 secs. it fell to 122 mm., in the 
next 29to 112mm. The extent of the respiratory oscilla- 
tions of the blood pressure fell during the operation from 
20 mm. to 15 mm. The pulse-rate and respiratory rhythm 
were but slightly affected, the former at the end of the 
operation being 19 in 10” instead of 20, the latter 33 per 
minute instead of 27. 

11.37.50-11.38 Aortic press.111 mm. Respirat. oscillations 16 mm. Hg. 


11.38.50-—39 


11.39.50—40 


11.40.5041 


11.41.5042 


Pulse- rate 19 in 10”. Resp. rhythm 36 per minute. 

Aortic pressure 106 mm. Resp. oscill. 14 mm. Pulse 19 in 
10”. Resp. 38 per min. 

Aort. press. 97 mm. Resp. oscill. 15 mm. Pulse 24. Resp. 39. 
Aort. press. 86 mm. Resp. oscill.8mm. Pulse 35. Resp. 53. 
Aort. press. 76 mm. Resp. oscill.6mm. Pulse 36. Resp. 58. 


11.42.50-43 Aort. press. 70mm. Resp. oscill.5mm. Pulse 38, Resp. 60. 
11.43.9 Blood pressure reached its lowest, 67 mm. Pulse then being 40, 
i.e. 240 per minute, the respiration 66 per minute. 

11.43.50-44 Aort. press. 74mm. Resp.5mm. Pulse 39, Resp. 63. 
11.44.50-45 Aort. press. 79mm. Resp.4mm. Pulse 41. Resp. 63. 
11.45.50-46 Aort. press. 87mm. Resp. oscill.6 mm. Pulse 39. Resp. 62. 
11.46.50-47 Aort. press. 78mm. Resp. oscill.6 mm. Pulse 40. Resp. 62. 
11.47.50—-48 Aort. press. 72mm. Resp.5mm. Pulse 38. Resp. 66. 
11.48.50-49 Aort. press. 80mm. Resp.6mm. Pulse 37. Resp. 65. 
Sp. gr. of blood from ear = 1-0566. 
11.58.50-11.59 Aort. press. 88 mm. Resp. oscill. 6mm, Pulse 38. { 
Resp. 64. 
12.9.50-12.10 Aort. press. 97 mm. Resp. oscill.4mm. Pulse 38, Resp, 68. 
Sp. gr. of blood from ear 10570. 
12.19.50 12.20 Aort. press, 95 mm. Resp. oscill. 4 mm. Pulse 38. 


Resp. 72. 
12.39.50-12.40 Aort. press. 96 mm. Resp. oscill. 4 mm. Pulse 38, 
Resp. 75. 
Sp. gr. of blood from ear 1°0570. | 
On one occasion we introduced the whites of two fresh eggs 


with, dissolved in them, one gramme of magnesium sulphate, the 


4 1 a 
4 
i 
＋ 
. 
3 7 


— — — 


— 


86 C. S. SHERRINGTON AND S. M. COPEMAN. 
solution warmed to a temperature of 38°C. The blood of the dog, 


which had been of a specific gravity of 10563 at each observation in 


the previous two hours, in half-an-hour rose to 10586, an hour later was 
10590, and remained at that height till the end of the experiment four 
hours later. The increase in the specific gravity of the blood in this 
and the previous similar experiments is doubtless due to inspissation 
(anbydremia, Cohnheim). Wegner’ and Maas“ attributed the effect 
on the blood entirely to the high osmotic equivalent of the solution 
placed in the abdomen, and Cohnheim follows them in this. W. 
Hunter in an interesting paper describes a similar effect =e the 
introduction of defibrinated blood into the peritoneum *. 

We think that in interpreting the increase of the specific gravity of 
the blood following introduction of solutions into the abdominal cavity 
some caution is necessary before concluding that they act in other ways 
than as mere agents which by irritation produce a very great increase 
in the amount of blood supplied to the splanchnic area; that this 
caution is necessary is shown by the effect of iutroducing water or 
normal saline into the peritoneal chamber. 


Example. Rabbit g. Rather large. Mar. 31, 1890. Ether and chlor. 


10.0 a.m. Sp. gr. - blood from ear = 1°0553. 

10.10 „ 10550. 

10.15 „ Small incision in linea alba; opening into periton. 
chamber not being more then 5 mm. long. 

10.18 „ Sp. gr. of blood from ear 1-0553. 

10.50 „ 10560. 

11.10 „ 9 10560. 

ints „ 90 5 3 of sterilised distilled water at 37“ C. into 
abdomen in five minutes through the incision. 

11.22 „ Sp. gr. of blood from ear 10556. 


11.32 „ 10560. 
11.42 „ 10566. 
12.10 P. u. a 8 10580. 
1.10 „ 10580. 
3.0 ” ” * ” 1-0570. | 
5.0 „ ” 1 10563. 
12 midnight a 10556. 


Langenbecks Archiv, xx. p. 51. 
2 Ctbl. f. Chirurgie, No. 20, 1881. 


This Journal, Vol. XI. p. 115, 1890. Our own observation was published Proc. 
Physiol. Soc. May, 1890. 
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Other similar experiments showed that 100c.c. of water placed in 
the peritoneal cavity of a rabbit may disappear from it completely in 
_-~eight hours without a lowering of the specific gravity of the circulating 
blood, except to the extent of half a degree for a varying number of 
minutes immediately after the placing of the fluid in the peritoneal 
cavity; the water is however during the eight hours largely if not 
entirely got rid of in the urinary and intestinal secretions. In the 
following the removal of the fluid from the abdominal cavity was 
particularly rapid. 


Example. Rabbit 4, large. Chloral and ether. 
6.5 p.m. Sp. gr. of blood from ear = 1-0573. 
6.10 ,, Small opening made in linea alba. 
6.15 „ Sp. gr. of blood from ear 1-0580. 
” ” ” 1-0580. 
6.30 „ 100cc, distilled water at 37°C. into peritoneal 
chamber in 4} minutes. N 
6.35 „ Sp. gr. of blood from ear 10570. 


6.48 „ 1-0580, 
6.58 „ 1.0583. 
8.00 „ 10586. 
10.30 „ 1.0576. 


Animal killed. No urine had been passed, but 32 cc. found in 
bladder. The retro-peritoneal tissue seemed dematous. The intestines 
contained some not particularly fluid contents. By careful collection 
8 c.c. fluid could be obtained from the abdominal and pleural sacs all 
together. It is noticeable that in this experiment the rise of specific 
gravity of the blood was comparatively slight. 

It would appear therefore that a considerable quantity of water can 
be transferred from one part of the body to another, presumably by 
means of the circulation, without there being during the time that the 
transference is taking place any at all obvious dilution of the circulating 
blood; at least without any detectable lowering of the specific gravity of 
the blood. 


Hemorrhage. 


It is well known that the effect of withdrawing any considerable 
quantity of blood from the circulation is to cause the remaining blood 
to be poorer in solid matters, and that this alteration in the quality of 
the bluod is so marked and takes place so rapidly that in venesection 
the latter portious of the blood drawn are more dilute than are the 
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earlier’. In the method of Roy we have a delicate means of easily 
detecting this, and even if the quantity withdrawn be quite small the 
resulting dilution is quite obvious. So great is this dilution resulting 
from hemorrhage that we must suppose that it invalidates somewhat 
the calculations of observers who, like von Brasol and Klikowicz, 
withdrew considerable quantities of blood in order to obtain their data. 
Examples of lowering of the specific gravity of the blood by hemorrhage 
are afforded by the following :— 


Example. Guinea-pig p. Large. Ether and chlor. 
10.30 a.m. Sp. gr. of blood from ear = 1-0583. 
11 „ 1 1-0583. 
11.5 „ Sc.. blood drawn from femoral art. 
11.15 „ Sp. gr. of blood from ear 1-0560. 
11.25 „ ra 1-0560. 


Example. Guinea-pig. Weight 608 grms. Ether and chlor. 
7 FP. ux. Sp. gr. of blood from ear = 1-0555. 
7.1-7.5 8-5 cub. cent. blood from jugular vein. 


ee 7.8 p.m. Sp. gr. of blood from ear 1°0503. 


7. 157.20 10 cub. cent. more blood withdrawn. 
7.22 p.m. Sp. gr. of blood from ear 10420. 
7.25 ” ” ” ” 10370. 


Example, Rabbit P. 6 Ib. 13 02. Feb. 19, 1890. Ether and chlor. 
12.35 p.m. Sp. gr. of blood from ear = 10560. 

1.81.18 32 cub. cent. blood withdrawn from femoral vein. 
1.20 p.m. Sp. gr. of blood from ear 1-0510. 


1.25 „ 10496. 
1,30 „ 10483 
1.35 „ 55 ” ” 10490. 
1.40 „ ” ” ” 1-0500. 
1.45 „ 7 10510. 
1.50 „ 10520 
2.00 „ ” 5 ” 10520 
2.45 „ ” 10520 
6.00 „ * 1-0530, 
8.20 „ ” ” ” 10530. 


From a number of experiments of this kind it seemed that the 
1 Popp, Ueber die Beschaffenheit des Blutes, 1845, p. 89. 
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reduction of specific gravity of the blood due to hemorrhages such as 
these reaches its maximum from 15 to 25 minutes after the cessation of 
the hemorrhage. The amount of dilution caused by withdrawal of 
30 c.c. of blood was greater than that caused by injection of more than 
90 cc. of water into the blood vessels, and was of long duration. 
Vierordt! showed more than 40 years ago that the number of cor- 
puscles in the last blood drawn in a severe venesection might reach only 
42 per cent. of that drawn at the beginning. Lesser found that the 
dilution caused by hemorrhage was not prevented by ligation of the 
thoracic ducts; but he nevertheless argues that it can only in part be 
‘explained by reabsorption of extra vascular fluid into the circulation ; 
his argument on this point is however not very convincing. He found 
the dilution as marked immediately after the hemorrhage, i.e. one 
minute after, as at any time later, but of this we bave in our own 
observations not found confirmation. On the other hand our own 
observations do not agree on this point with those by Bizzozero and 
Salvioli* who found the dilution at its maximum 24—28 hrs, after the 
hemorrhage. The dilution in this case cannot be presumed to be due 
to a fall in the general blood pressure because, as is well known, the 
abstraction of far larger quantities of blood than those that suffice to 
cause a fall in the specific gravity do not produce any lowering of blood 
pressure. 

Indeed it would seem that the abstraction of even a small quantity 
of blood from the circulation is sufficient to largely diminish or even 
reverse the balance of that exchange through the capillary wall between 
the blood and the inter-vascular fluids, the sum of which, under normal 
conditions, is in favour of the extra-vascular fluid, 


Specific gravity of venous blood. 

Lloyd Jones has found that the specific gravity of blood from a 
vein is higher than that of blood taken from an artery, a fact in harmony 
with the observations of J. G. Otto“. We have made a very large 
number of observations, and in comparing, for instance, the specific 
gravity of blood from the jugular vein with that of the carotid artery, 
or femoral vein and artery, we have most frequently observed them to 
differ from one another by only so slight an extent as to leave the 
existence of an actual difference dubious. 


1 Archiv f. physiol. Heilkunde, x111. p. 249. 
9 Archivio p. I. scienze mediche, 1880, rv. p. 273. 
Pfliiger's Archiv, Vol. xxxvi. p. 57. 
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Frequently specimens of blood taken from the two vessels have 
appeared to us to possess exactly the same specific gravity. When a 
difference has been present it has been extremely slight, the venous 
being sometimes the heavier. At the same time it must be remembered 
that it is quite true that even a very slight degree of obstruction to the 
local circulation on its venous side occasions an easily detectable 
increase of specific gravity in specimens of blood taken from the 
obstructed area. So sensitive is this reaction, that in determining the 
specific gravity of the blood great care has to be exercised to avoid any 
hindrance to the venous circulation’. If the obstruction be considerable 
the increase in the specific gravity may be very great indeed; thus 
after an elastic band had been placed somewhat tightly round the thigh 
of the rabbit for ten minutes the blood in the limb had a specific 
gravity of 1055, while the blood circulating elsewhere had a specific 
gravity of only 1046; in another instance the blood in the limb was 
1059 while the blood circulating elsewhere was only 1050; in another 
instance, after a ligature had been applied to the left-thigh for 15 


minutes, the blood in that thigh was 1066, while the bibod circulating 


in the other thigh and in the ears was 1049. Again, in a small young 


rabbit in which, by copious injection of saline solution, the specific 


gravity of the blood had been lowered from 1044 to 1°042, and in which 
the saline injected had, as has been shown above to be usually the case, 
rendered the abdominal tissues oedematous, compression of the portal 
vein for 3 minutes raised the specific gravity of the portal blood to 
1049, although the radicles of the vein must have been at the time 
bathed in unusually watery lymph. The amount of local inspissation 
may be so great that if the area obstructed be a large one, on removing 
the obstruction and allowing the blood, the specific gravity of which has 
been artificially increased in the local area, to again enter the general 
circulation, the admixture of it with the rest of the circulating blood 
causes a detectable increase in the specific gravity of the whole blood of 
the body. In this way the amount of fluid that has escaped from the 
obstructed areas can be approximately measured, for, as we have shown 
above, observations with the hemacytometer, made concurrently with 
observations on specific gravity, show that the increase in density of the 
blood in a passively congested area is at least in the first quarter of an 
hour of obstruction a matter of escape of fluid without escape of red 
corpuscles (the leucocytes not being taken into consideration). 


1 Cf. Heidenhain, Cohnstein and Zuntz, Kriiger. 
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Example. Small rabbit. 


Sp. gr. of drop of blood from ear = 1-0473. 
11 a.m. Ligatures placed round all four limbs. 


11.20 „ Drop of blood from ear, sp. gr. = 10476. 
1 right thigh, sp. gr. 10673. 
All ligatures then loosened. 


11.23 „ Drop of blood from ear, sp. gr. 10496. 


It was noticeable in experiments on passive congestion that the 
increase of specific gravity of the blood in the obstructed area was con- 
siderably greater in the first 5 minutes of obstruction than in the second. 

Of course these results are but another aspect of the fact nowhere 
better evidenced than in the original experiments of Paschutin and 
Emminghaus, viz. that obstruction of the circulation from the venous 
side produces a great and immediate increase of lymph-flow from the 
obstructed region. This increase, which Heidenhain has lately 
brought forward reasons for believing to be the result of a secretive 
rather than a filtration process, although related chiefly to the smaller 
vessels, is not necessarily entirely due to them; in it the walls of even 
the largest veins may have a share. If in the rabbit a length of a large 
vein’ be ligated between two ligatures which enclose between them a 
piece of the vein in which no side branches exist, the blood contained 
in the included lengths usually soon becomes of higher specific gravity 
than it was at the time of ligation. Sometimes the alteration does not 
occur, or not detectably. In making the experiment it is necessary to 
avoid any increase of distension of the vein by the tying of the ligatures, 
and to be sure that clotting has not set in in the blood contained. 


Severance of Spinal Cord. 


That the important factor in the inspissation of the blood in an 
area of obstructed venous flow is not the mere distension of the 
capillaries and venous radicles and veins, and the heightened pressure 
in them, seems indicated by the very different effect on the specific 
gravity of the blood which section of the cervical spinal cord occasions. 
Section of the cervical spinal cord can in the rabbit and monkey be 
performed with only trifling hemorrhage, and, as is well known, causes 
venous congestion of the great splanchnic region of the circulation. Yet 
so far from giving an increase in the specific gravity of the blood it is 
an 3 followed by a fall in the specific gravity of the blood. 

1 Vide supra, p. 67. 
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Example. Rabbit. 8 Ib. 14 02. Chloral, ether. Artif. respiration. 


1 p.m. Left cervic. symp. divided. Sp. gr. of blood from ear = 10556. 

1.10 ,, Sp. gr. of blood from ear = 1°0553. 

1.22 „ Cord exposed behind 2nd cervic. nerve, hemorrhage being 
very slight in the operation. 

1.25 „ Sp. gr. of blood from ear 10553. 

1.26 „ Cord divided completely. Hemorrhage insignificant. 

1.28 „ Sp. gr. of blood from ear 10546. 


1.39 ” ” ” ” 10500. 
1.50 ” ” ” ” 10496. 
2.00 „ - » 10496. 
2.15 „ 1-0496. 


Example. Rabbit P. 7 Ibs. 4 08. Ether and chlor. 


1.40 p.m. Sp. gr. of blood from ear = 10456. 

1.44 „ Spinal cord divided by thermo-cautery opposite 6th cervical 
nerve without any considerable hemorrhage. 

1.48 „ Sp. gr. of blood from ear 1-044. 


1.54 „ 1-044, 
4.40 „ 1 10413. 
6.40 ” ” ” ” 1042. 


It is not obvious why a fall in the general arterial pressure such as 
is produced by division of the cervical spinal cord should produce a 
lowering in the specific gravity of the blood. Inasmuch as the 
capillary blood pressure must have been increased in the great visceral 
areas it might have been supposed that the transudation of fluid from 
the capillaries in that area would have been increased and the blood for 
the time being have become of higher specific gravity. 

We met with no instance however in which section of the cord was 
succeeded by increase in the specific gravity of the blood. The following 
ure further examples of the contrary result. 


\ Example. Rabbit. Weight 5lb.60z. Chloral and ether. Feb. 25, 1890. 
11 aM. Right cervical symp. divided. Artific. resp. at 70 per minute. 
Sp. gr. of blood from right ear = 1-053, 
11.25 ,, Cord prepared between occiput and atlas. 
Sp. gr. of blood, right ear 1-0526. 
11.40 „ i 10 1-0523. 
11.55 „ 8 10523. Temp. in rectum 332 C. 
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12.05 p.m. Sp. gr. of 3 right ear 10526. 
12.15 „ 1 10526. Temp. in rectum 33·1˙ C. 
12.24 „ 1 10526. 

Cord divided at Ist cervical with very slight hemorrhage. 
12.30 „ Sp. gr. of blood, right ear 1:0490. Temp. in rectum 34 2˙ C. 


12.35 „ i 15 * 10480. Anal reflex sharp. 
12.45 „ 10476. * 
1.00 „ 10 10476. Temp. in rect. 32.8 C. 
1.10 „ 10476. 
2.10 „ 10480. 
3.10 „ be 4 a 10480. Anal reflex brisk. 
4.10 „ 10480. Temp. in rect. C. 
5.10 ” ” ” ” 1-0480, 


Example. Rabbit. 6 Ib. 70z. Chloral and ether. Feb. 28, 1890. 


9.30 a.m. Sp. gr. of blood from ear = 1:052 after division of cerv. symp. 
9.38 „ Artificial respiration commenced, and the cord between atlas 


and axis prepared. 

9.55 „ Sp. gr. — from ear = 10516. 
10.55 „ 10516. 
10516. 
12.40 P. u. 10516. 


12.42 „ 30 ce. of 75 % NaCl sol. per ven. jug. ext. 
12.44 „ Sp. gr. of blood from ear 10486. 
12.49 „ 10510. 
„ 10513. 
1.23 „ Sp. gr. of blood from ear 1-047. 
2.20 ” ” ” ” 10466. 
2.40 „ 10466. 
2.42 „ 30 0.0. injected as before. 
2.44 „ Sp. gr. of blood from ear 10403. 


2.54 ” ” ” ” 1045. 

3.04 a ” ” ” 10460 

3.30 „ 10466. 

6.00 ” * ” ” 10466. 

7.00 „ 10466 
* mesenteric vein 1-0470. 
170 „ from inferior vena cava 1-0470. 
1 „ from hepatic vein 10470. 


It will be seen from the last example that section of the cord at the 
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top of the cervical region seemed to slightly affect the speed of recovery 
to previous specific gravity of the blood diluted by a rapid injection of 
saline solution per venam, checking the return a little, but not 
markedly. The return before the cord had been severed was in 10’ as 
far as 10510 on the way to 10516, and after severance in the same 
time as far as 10450 on the way to 10466; but part of that difference 
might well be due to the fact that of necessity the second injection 
followed on a first, although at two hours’ interval. 


Local differences in the specific gravity of the blood. 


Considering the rapidity of the circulation and the large amount of 
effect that can be produced by the continuous action of organs the 
results of whose activity in any short space of time is quite inconsider- 
able, it might seem surprising that the blood circulating freely should in 
any one part of the body detectably differ in specific gravity from the 
rest, yet it appears to do so. In view of the accredited fact that the 
blood of the splenic vein contains a different ratio of white corpuscles 
and red to that obtaining in the blood of the splenic artery, we desired 
to compare the specific gravity of the blood taken from those two 
sources, and we early became aware that there is often a distinct 
difference of specific gravity between the two, and Krüger! has lately 
shown that the blood of the splenic vein is richer in solids and pigment 
than is the arterial blood. 


Examples : 
Sp. gr. of blood from 
ear, mesenteric artery, splenic vein, renal vein 
10560 10560 10573 1054 
10496 10496 10510 
10533 10530 10550 10526. 


Often there is however no detectable difference between the specific 
gravity of the blood in these veins and of the blood in the arterial 
system. In the case of the spleen the existence of difference in specific 
gravity of the blood entering and leaving the organ appears to be 
associated with a contracted condition of the organ, although in two 
cases a difference existed when the organ was not markedly contracted 
in appearance. More surprising than the increased specific gravity of 


 Zeitsch. f. Biologie, xxv. p. 452, 1890. Our own observation was published in May, 


i 
1 
i 

| 

7 1890. 

4 

« * 


SPECIFIC GRAVITY OF BLOOD. 95 


blood leaving the spleen is the lowered specific gravity of blood leaving 
the kidney; nor did we find this latter difference of so regular 
occurrence as that of the splenic vein and artery. But again the 
observation is in consonance with analyses by Kriiger, and had been 
noticed in the course of our experiments previous to the appearance of 
Kriiger’s paper. We have several times compared the specific gravity 
of the blood of the hepatic vein with that of the blood in the portal 
vein, and have not been able to detect a difference between the two. 

To examine the point further, comparison was instituted between 
the blood of the thyroid vein and thyroid artery during flushing and 
during blanching of the gland. The cervical sympathetic when stimu- 
lated causes extreme constriction of the blood vessels of the thyroid 
gland. After section of the cervical sympathetic the corresponding 
half of the gland is markedly flushed with blood. We found that the 
specific gravity of the blood leaving the thyroid is usually not detectably 
higber than that of the blood going to the gland; sometimes it is just 
detectably higher. After section of the cervical sympathetic it was 
never possible to detect a difference between the specific gravity of the 
ingoing and outgoing blood. On the other hand, after five minutes or 
even three minutes of excitation of the upper end of the cervical 
sympathetic the blood of the thyroid vein was in each of six experi- 
ments of distinctly — specific gravity than the blood of the thyroid 
arterial. 


Ewample. Rabbit. 6 Ib. 8 02. Chloral, ether. April 6, 1890. 


II XX. Sp. gr. of blood from ear : 1:0553. 
11.15 „ 1 „ from thyroid vein (left) 10556. 
5 „ from facial artery 10553. 


11.20 „ Left cervical sympathetic divided. 
11.23 „ Thyroid on left side of isthmus is much flushed. | 
11.30 „ Sp. gr. of blood from thyroid vein 1-0553. 
„ from twig of thyroid artery 10553. 
11.40—11.44 Excitation of upper end of divided cervical sympathetic. 


11.45 a.m. Sp. gr. of blood from thyroid vein 10560. 
„ from facial artery 10560. 

11.50—11.54 Excitation as before. 
11.55 a.m. Sp. gr. of blood from thyroid vein 1-0563. 
11.57 ” ” ” ” ” 1-0553. 


Careful observations with the Zeiss-Thoma hematocytometer showed 


1 Cf. Sherrington. This Journal, Vol. x11. p. 700. 
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that the number of red corpuscles per cubic mm. of blood was increased 
in the thyroid vein during excitation of the cervical sympathetic, and 
was greater after the excitation than in the blood of the facial artery or 


| the thyroid 

| after excitation 4313000 4438000 

| before excitation 4086000 

: | after excitation 4634000 4712000 

1 after relaxation — 
before excitation 4576000 
after excitation 4569000 47 10000 


Lloyd Jones and Roy have shown that a vaso-constriction in the 
rabbits’ ear perceptibly increases the specific gravity of the blood 
obtainable from the ear. We can confirm their observation from our 
own experience, but with us the phenomenon although the rule was 
subject to exceptions, which we failed to account for. 

The difference thus observed in the specific gravity and corpuscular 
richness of blood leaving certain organs during the existence of vaso- 
contraction in them seems comparable in a certain degree to the result 
of retardation of the blood-flow by slight mechanical obstruction which, 
as shown above, causes in like manner an increase in the specific gravity 
of the blood in the part and an increase in its corpuscular richness. 
j The observations of G. N. Stewart, recently communicated to the 
Physiological Society, which show that the “circulation time” of the 
blood passing through an organ is much lengthened by vaso-constriction 
occurring in the organ, lend new interest to such venous variations of 
the quality of the blood as are illustrated above, and may probably lead oe 
to their explanation. ae 

June, 1892. 

Phare Iv. 

Chart illustrating examples of variations experimentally produced in the 
specific gravity of the blood. All are examples taken from experiments on 
the rabbit. The time is expressed in intervals of 3 minutes each along the 
abscissa line. The specific gravity of the blood is indicated on ordinates 


starting with the specific gravity of water i reaching 10600 at the 
top of the chart. 
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ALTERATIONS IN THE STRENGTH WHICH OCCUR 
DURING FATIGUING VOLUNTARY MUSCULAR 
WORK’. By WARREN PLIMPTON LOMBARD, MD. 
Professor of Physiology at Univer. of Michigan, Ann. Arbor, 
Mich. U.S.A. (Pl. I. II. III.) 


IN two papers“ which have preceded this, the writer has called attention 
to the fact that during fatiguing Voluntary Muscular work the strength 
may undergo considerable alterations even within short intervals of time. 
These alterations are not due to lack of attention, and they are unavoid- 
able; they are probably to be attributed to changes in the condition of 
the special mechanisms engaged in the work; and they are to be classed 
as phenomena of fatigue. The writer first noticed the variations to 
which the voluntary muscular power is subject on himself, and in the 
case of no one has he found them more marked. They are not peculiar 
to him, however, and they have been observed in different degrees on 
nearly all the men who have been studied. The records which are 
obtained from different men differ no less than the characters of the 
individuals ; indeed they may almost be looked upon as expressions of 
their individuality. 
In experiments upon himself, the writer found that if he contracted 
a heavily weighted muscle at frequent intervals, and each time with his 
full force, the contractions decreased in height quite regularly until 
finally the weight was scarcely stirred; if, however, the attempts to raise 
the weight were continued regardless of the results, a very considerable 
recovery of power invariably occurred, and this first recovery, usually 


1 Most of the work reported in this paper was done in the Physiological Laboratory of 
Clark University; a few of the experiments were made in the Physiological Laboratory of 
the University of Turin, 

2 My first paper on this subject was read at the first Physiological Congress in Basel, 
Sept. 29th, 1889, and was published in the American Journal of Psychology, Vol. my. 
No. 1. p. 24. A translation appeared in the Archives Ital. de Biol. T. Xu. fase. U. p. 371. 
The second paper entitled “Some of the Influences which affect the Power of Voluntary 
Muscular Contractions” was read before the Physiological Section of the Congress of 
Physicians and Surgeons at Washington, Sept., 1891, and published in the Journal 
of Physiology, Vol. XI. Nos. 1 & 2, p. 1, 1892. 2 
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of short duration, was followed by many other similar recoveries, so 
that alternating intervals of weakness and periods of strength were 
observed as long as the work continued. Similar results were obtained 
when the muscle was continuously contracted and the weight was always 
held as high as possible. 

Other experiments revealed that these alterations in the power were 
chiefly dependent on changes occurring within the central nervous 
system, because they came at times when the strength of the peripheral 
mechanisms engaged in the work, as shown by their response to 
electrical excitation, was but little altered. Moreover, they were never 
observed in experiments in which the muscle was excited to contraction 
by an induction current applied either directly to itself or to its nerve. 
The variations in strength were, however, not dependent on differences 
in the force of the will power, as a whole, or upon changes in the 
attention, because at a moment when the subject was incapable of 
stirring the weight with one muscle, other muscles could be contracted 
with the usual strength. 

It was therefore concluded that the variations in the power which 
appeared in these experiments, were not due to alterations in the 
strength of the voluntary effort, or the irritability of the nerves or 
muscles, but to changes occurring within special central-nervous mecha- 
nisms engaged in the work, and possibly the motor cells in the cord. 
In a review of my article on “ Effect of Fatigue on Voluntary Muscular 
Contractions,” Dr G. E. Miiller’ questions the central origin of the 
periodic alterations of the strength, and suggests that the variations are 
u result of the unequal fatigue of the antagonistic muscles. In an 
experiment addressed to answer this question it was found that, at the 
moment that the ability of the subject to contract the flexors of a finger 
was lost, another person could flex the finger very readily and that the 
extensors offered no resistance to the passive movement. These re- 
coveries of power are not a transient affair, they have been seen to occur 
with great regularity in experiments, such as the one before me, in which 
the muscle was contracted at intervals of a second for 71 minutes; 
in another experiment over 150 such recoveries were observed. 
Though at times the recoveries of power occurred at quite regular 
intervals, they were subject to so many irregularities as to exclude the 
idea that they were dependent on simple rhythmical changes in nervous 
activity. It seemed more probable that they were the result of the 


Müller, G. E. Zeitschrift f. Psychol. u. Physiol. d. Sinnesorgane. Bd. 1. 3, 
8. 197. 
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many influences which must be supposed to determine the chemical 
condition of the nerve cells. The fatigue produced in these cells by 
their unaccustomed activity brought to light how greatly the irrita- 
bility of these cells may alter within short intervals of time. In what 
degree this inconstancy must be attributed to local and distant circu- 
latory changes, to favouring and hindering nervous influences, or to the 
nature of the chemical processes upon which the development of the 
energy-producing material within the living nerve cell depends, is at 
present a matter of conjecture. 

Though the facts which have just been stated have been repeatedly 
observed in the case of the writer, it cannot be assumed that exactly the 
same results would be obtained in experiments on other healthy men. 
This self-evident fact requires to be stated because some reviews of the 
“Influences which affect the Voluntary Muscular Power” suggest that 
the conclusions therein stated have been accepted by some readers as 
applying to all men, and this in spite of the statement which headed the 
summary of results, viz. “The experiments of this research were all made 
upon one man and therefore must be regarded as a contribution to 
individual physiology.” On the other hand, there are others who are 
inclined to doubt the value of results gained from experiments upon a 
single individual. For instance, a friend was heard to say, “Lombard seems 
to be an excellent subject, unfortunately others do not seem to be able to 
obtain his results.” The assumption behind the remark is that all men are 
similarly constituted and that, under like conditions, they will act in the 
same way. If proof to the contrary is needed, it is to be found in the 
experiments which are recorded in this paper. Even when one works 
with an isolated muscle, and under the most favourable conditions one is 
often perplexed by the individual differences which appear. When he 
studies central nervous processes he is bewildered by the variety of 
his results. Each cell is an individual, and the action of each of these 
individuals is dependent not only on its peculiar make up, but also on 
the continually varying influences which come to it from without. The 
same physical and chemical laws are at work in all and the physio- 
logical laws dependent on them are the same for all, but the multiplicity 
of influences and variety of combinations are such that these laws are to 
be deduced only from a study of a vast number of cases, éach of which 
is to be looked upon as an exception. One cannot arrive at the truth 
by weeding out from his experiments all those which do not approach a 


satisfying mean. Every reliable experiment is the expression of a truth 
and none can be neglected. 
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This paper has been written as much to illustrate how necessary it . 
is that we should recognize the effects of individuality as to show how 
greatly the voluntary muscular power may alter within short intervals 


of time. Mosso has made a careful study of the early stages of fatigue 


of voluntary muscular contractions, and has called attention to the con- 
stancy with which a special shape of the curve of fatigue reappears with 
the same individual. Moreover, in his book on fatigue, he gives a vivid 
picture of the effects of mental excitement and fatigue and the different 


ways in which different men are affected by them’. 


The few experiments which the writer made on others in 1889 
showed that though the power of recovery was exceptionally great 
in his case, it was not peculiar to him. Of the eight men then 
examined one exhibited it in a striking degree, another quite markedly. 
Several others gave little more than indications of the tendency, and 
still others showed only irregularities due to their inability to do the 
same amount of work in contractions which were made even within a 
second or two of each other. The experiments which have been made 
since that time have given curves in which individual differences 
were no less marked. Although comparatively few experiments have 
been made, and by no means all the possible variations have been 
witnessed, it seemed to the writer that the presentation of a series of 
such experiments arranged so as to bring these individual differences 
into prominence might be of value. What we need is long series of 
experiments made by individuals upon themselves. In spite of what is 
often said, each man knows himself best, and, if honest with himself, can 
form the best estimate of the influences which affect his condition at a 
given time. The next best thing would be that special points should 
be studied on a large number of men. The gymnasiums of our large 
Universities offer admirable opportunities for such study. 

The time is past when the director of the gymnasium can content 
himself with measurements of height and weight and muscular de- 
velopment. Such anatomical studies are of great value but careful 
physiological study of the effects of exercise upon the nervous system 
are the crying want of today. 


Die Ermiidung: von A. Mosso. Aus dem Italienischen iibersetzt von J. Gluizer, 
Leipzig. S. Hirzel, 1892. 
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Apparatus and Method of Work. 


The experiments here reported differ chiefly from those of Mosso' and 
Maggiora’, in that the work was continued for a longer time. Experiments 
I., II., III., and VII., like those of Mosso, were made with the flexor muscle 
of the second finger, the records being taken with Mosso’s Ergograph, an ex- 
cellent apparatus. The rest of the experiments were made with the abductor 
indicis, the first dorsal interosseous muscle. This muscle fulfils the require- 
ments stated by Mosso, it being the only muscle capable of producing the 
movement, and of being one, the contraction of which may be easily recorded; 
moreover, as it lies directly beneath the skin, it can be readily excited by an 
electric current. Another advantage which it offers may be found in the 
fact that, since it is quite weak, it can be fatigued with light weights, and 
therefore the supports for the arm and weight do not require to be cumber- 
some. Fick“ employed this muscle in his experiments, but his method was 
different from that used in this research. 

The experiments with the abductor indicis muscle were made as follows. 
The arm rested on a board in a position midway between pronation and 
supination. It was supported on either side by adjustable blocks of wood, 
and a third block behind the elbow prevented any backward movement. The 
hand was fixed by inserting the thumb and second finger into closely fitting 
brass tubes, which were fastened to firm uprights, and so placed as to be 
entirely comfortable. The index finger wore a brass thimble, which was long 
enough to include the three phalanges. This thimble was made by bending a 
sheet of brass to form a tube. The edges of the brass were allowed to overlap 
and the form of the thimble was readily adjusted to the size of the fore-finger 
of the subject. The weight was suspended from the end of a thimble. The 
thimble rested on a firm support when the finger was in the position of rest. 

A thread, which was fastened to the end of the thimble, passed over a 
delicate pulley, which was placed at a short distance above, and then round a 
second delicate pulley which was placed just below the recording apparatus on 
an adjacent table. This apparatus had the form of a cross. It consisted of a 
stiff perpendicular wire, which passed through holes in two horizontal strips 
of brass, and carried a horizontal needle, the point of which wrote on a 
kymographion drum covered with smoked paper. Continuous and light 
contact with the drum was secured by a little plumb line, so placed as to 


1 A. Mosso. es lois de la fatigue étudiées dans les muscles de homme.” Reale 
Accad. dei Lincei, Ser. 4, Vol. v., 1888; Archiv f. Anat. u. Physiol., 1890, 8. 89; 
Archives Ital. de Biol., xm. p. 123; Travaux de Lab. de Physiol. de Turin, 1889. 

2 A. Maggiora. Les lois de la fatigue étudiées dans les muscles de lhomme.“ Reale 
Accad. dei Lincei, Vol. v., Séance du 4 Nov., 1888; Archives Ital. de Biol. x., p. 187. 

a Fick, A. Myographische Versuche am lebenden Menschen.” Pfliiger’s Archiv, 
XII., 1887, S. 176. 
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press slightly against the outer arm of the writing needle. To lessen the 
friction the guiding holes in the brass strips were rimed out to a knife edge. 
The vertical wire was supported by a thin strip of elastic fastened to its upper 
end. 

The abductor indicis tends not only to abduct but to flex the index finger. 
To prevent this movement of flexion a guy thread, one foot long, was fastened 
by one end to the extremity of the thimble and by the other to a fixed point on 
the table on which the arm support rested. This guy string prevented flexion of 
the finger without interfering with the freedom of the movement of abduction. 

When the abductor indicis was contracted the weighted finger was raised 
and the attached needle was drawn upward to an equal amount by the elastic 
band; when the muscle ceased to contract the force of the weight restored the 
— and recording needle to their original positions. 

During an experiment the subject tried to give his whole attention to the 
work. The muscle was contracted, once or twice a second, in unison with 
forward swing of the pendulum of a metronome, and was relaxed in unison 
with the backward swing. Each time the weight was raised as high as 
possible, and even when, on account of the fatigue, the weight could not be 
stirred, the attempts to raise it were continued at the same rate and always 
with the greatest possible effort. 

The description of the apparatus employed in experiments upon the “knee- 
jerk” will be given later. 

A number of figures illustrating the following experiments are to be found 


in Plates I. II. and III. In these figures the dots show the height to which 


the weight was lifted by the succeeding contractions. These dots have been 
connected by straight lines and thus outlines of the original records have 
been obtained. Figs. 13c, 14 and 15 are exceptions to this rule, these records 
being direct copies of the originals. All the curves except those given in 
Figs. 13 and 14 are to be read from left to right. 


Experiments. 


The variations of the strength observed in the following experiments 
are of two kinds, those which extend over long periods of time and those 
which last but a few seconds. 

The order in which the experiments have been arranged is based on 
the regularity of the work. Those experiments in which the variations 
were fewest, or in which they extended over long intervals of time, pre- 
cede those in which greater inconstancy was observed. 


Exper. I. on G. March 19, 1889. 


The flexor muscles of the second finger of the left hand were 
contracted once every two seconds, and always with the whole strength- 
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The weight raised was 2000 grammes. The line connecting the tops of 
the records of the succeeding contractions, and giving the curve of 
fatigue (fig. 1, plate I.), descends at first very slowly, then very rapidly 
and then very slowly, being at the start concave and at the end convex 
to the abscissa. After the first rapid loss of power, the decline in 
strength was very gradual, but finally a point was reached when the 
weight could be scarcely stirred. This curve is remarkable for the 
regularity of the work, the succeeding contraetions varying but little in 
height. 
Exper. IL on A.M. March 14, 1889. 


This experiment was made under the same conditions as the last. 
The line connecting the tops of the records of the first twelve con- 
tractions descends steeply (fig. 2, plate I.). For the following eighty 
contractions it remains, excepting for slight variations, nearly parallel to 
the abscissa; it then curves sharply downwards, and at the end of fifty 
more contractions almost touches the abscissa. Sixty more vigorous efforts 
were made, the best of which raised the weight but two or three milli- 
meters, while several moved it scarcely at all. The difference in the 
height of the succeeding contractions is somewhat greater in this curve 
than in the last; but on the whole it is very regular. In these two 
experiments the work was continued until the subject said that he was 
tired and wished to stop. Had they showed a desire to continue the 
work it is possible that a partial recovery of power might have been 
seen. It is quite common to see a partial recovery of the strength, even 
after the power to raise a weight has been temporarily lost, provided the 
subject continues to strive to raise the weight regardless of the result. 

In the following experiment such a recovery was seen. 


Exper. III. on U. M. March 1889. 


The conditions of the experiments were the same. The curve of 
fatigue descended gradually, then more rapidly, and then again gradually 
until, when the contractions had become small, there was a rapid recovery 
of the power [a fig. 3, plate I.]. 

The first contraction was forty-three mm. high, the ninety-fifth 
contraction was five mm. high, then came a sudden rise in the curve, and 
the ninety-ninth contraction was thirty-two mm. high. 

The curve descended during the next twelve contractions, the one 
hundred and eleventh being nine high; during the next ninety-five 
contractions it varied from six to twenty-two mm. and averaged about 
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eleven mm. The sudden increase of power which began at the ninety- 
sixth contraction was unexpected and remained unexplained. This was 
not the only case in which the power was seen to return suddenly and 
unexpectedly ; the following experiment though made with a different 
muscle showed a similar recovery of strength. 


Exper. IV. on C.H. May 3, 1890. 


Voluntary contraction of the first dorsal interosseous muscle, “the 
abductor indicis,” of the left hand. The index finger was abducted once 
every two seconds, and each time a weight of four hundred grammes was 
raised. The record, fig. 4, plate I. exaggerates the movement of the 
finger. The curve of fatigue descended very slowly during the first 
twenty contractions and very rapidly during the next twenty-eight 
contractions, at the end of which the weight was raised to only about 
one-seventh of the original height. During the next six contractions 
but little change could be seen, and then, suddenly, contractions of more 
than double this height were made. Except for minor variations they 
continued thus large for forty-five contractions, when the work was 
stopped. The sudden rise was so unexpected that the subject ex- 
claimed“ I wonder what was the matter there!” 

‘Recoveries of power have appeared more or less markedly in the 
case of more than half of the men; but, in general, the recovery comes 
on much more gradually than in the case just described. 


Exper. V. oN E. C. S. April 24, 1890. 


The conditions of the experiment were the same as in the last, 
except that the muscle was contracted once a second. The curve of 
fatigue fell in almost a straight line until the size of the contractions 
had been reduced to about one-fifth of the original height. See fig. 5, 
plate I. <A slight recovery of power followed, ö, fig. 5, and then, 
except for minor variations, there was but little change for a consider- 
able time. To save space, a part of the record has been omitted. 
After a time the weight was increased to 500 grammes, c, fig. 5, and 
the contractions decreased rapidly in size till the weight could scarcely 
be stirred. The subject, who was evidently exerting his full power, 
remarked, I guess you've done me up this time ;” soon after, however, 
the contractions began to increase in size, and they continued to in- 
crease, with the exception of slight irregularities, throughout the next 
one hundred and seventy-five contractions, until they became one-third 
as high as those which were made at the beginning of the work. 
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Throughout, the next three hundred contractions the curve declined, and 
then a second and rapid recovery was witnessed, which was even greater 
than the previous one, and which lasted a considerable time, d, fig. 5. 

The alterations of the power which we have been lately considering 
last for a considerable time, and are probably to be distinguished both 
as regards their nature and origin from the more temporary changes 
which were described at the beginning of this article. To prevent 
confusion let us call these more extensive alterations major varia- 
tions, and those which are of short duration, whether appearing as 
irregularities or as groups of stronger or weaker contractions, minor 
variations of the power. An admirable example of a major recovery 
occurred in the following experiment. 


Exper. VI. on J. MoM. April 23, 1890. 


The right abductor indicis was contracted once a second. The 
weight lifted was three hundred grammes. The curve of fatigue de- 
scended at first rapidly, and then more gradually, until the recorded 
height of the contractions was reduced from sixty-three to two and a 
half millimeters; see fig. 6, plate I. Seventeen contractions later it 
was ten millimeters high and from that time on it rose very gradu- 
ally, except for minor variations, until after four hundred and fifty 


contractions a height of twenty millimeters was reached. This height 


was maintained for about one hundred and sixty contractions, when the 
weight was increased to four hundred grammes :—see arrow, fig. 6. 
From this point on the curve descended. In many parts of this curve, 
as of the last, minor variations of considerable extent are to be seen. 
Though but one Major Recovery of power was seen in most of the 
experiments, several were recorded in some of the experiments which 
were continued for half-an-hour or more. In experiment V. two re- 
coveries were noticed, and in some others three or four occurred. A 
trustworthy explanation of such major recoveries has not yet been found. 
The idea suggests itself that they are of circulatory origin, but this is 
hard to prove. They resemble a well-known phenomenon which occurs 
when violent exercise is long continued and which runners name the 
“second wind,” since it is most evident in the respiration. The re- 
covered vigour is not confined to the respiratory mechanisms, however, 
and men when running or rowing races often experience more than one 
loss and recovery of energy, similar to that observed in these experi- 
ments upon a single muscle. It would be interesting to know whether 
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these recoveries of strength occur independently of the respiratory 
condition. In the experiments here described the variations in the 
energy were not due to changes in the amount of oxygen supplied to 
and carbon dioxide gas removed from the blood as a whole, for the work 
though vigorous, was confined to a few muscles and did not ordinarily 
excite dyspnea. Though a demand for more complete aeration of the 
blood may be the cause of the increased activity of the respiratory centers 
which occurs during violent muscular exercise, may not the “loss of 
breath” and the recovery of the “second wind” be phenomena of fatigue 
closely analogous to those witnessed during voluntary muscular work, 
and be attributable to changes occurring within the central nerve cells 
other than those resulting from the amount of gases in the blood? 
Hoppe Seyler“ expresses the idea that apnœa may well be due to 
fatigue of the respiratory mechanisms rather than to a surplus of 
oxygen in the blood. 

The minor variations in the strength which have been noticed here 
and there in the curves, may be in certain cases so remarkable both in 
extent and distribution as to deserve special study. In some men they 
appear simply as irregularities, and at first thought might be attributed 
to lack of attention. They show themselves, however, when the atten- 
tion of the subject is especially directed to the work, as when he is 
called upon to “spirt” and to make special efforts to lift the weight as 
high as possible each time. That they were unavoidable was very 
evident in some of the following experiments. In these experiments 
the individuality of the different men found no less clear expression 
than in those which have been recounted. 


Exper. VII. on A. March 19, 1889. 


Voluntary contraction of the flexor muscles of the second finger of 
the left hand every two seconds. The weight was 2800 grammes. The 
curve of fatigue descended with increasing rapidity and great regularity 
until the forty-fifth contraction ; then, except for one break, it remained 
about the same until the hundredth contraction. See fig. 7, plate 
I. A sudden decrease in strength then appeared, and three contrac- 
tions later the weight was lifted only three millimeters. The next 
contraction was remarkably high, the weight being lifted twenty-five 
millimeters, and a number of groups of contractions followed, each of 
which began with one high contraction, which was followed, by a gradual 


Physiologische Chemie, II., p. 500. 
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lessening of the power till the next recovery showed itself. This phe- 
nomenon can be better understood from the record of the — 
than from any description. 


Exper. VIII. on H. W. (a young woman). March 12, 1890. 


Voluntary contraction of the abductor indicis, at first once in two 
seconds, later once a second. The weight at the start was 400 grammes, 
later 300 grammes, and still later 200 grammes. The first nine con- 
tractions were made once every two seconds, and showed almost no 
fatigue. Then the rate was increased to once a second; the curve fell 
rapidly and the forty-fifth contraction almost failed to raise the weight. 
See fig. 8, plate I. Thirteen of the next twenty-four contractions 
succeeded in raising the weight a small amount, while eleven failed to 
more than stir it. These effective contractions were irregularly dis- 
tributed. Some sixty fruitless attempts followed. A rest of a few 
moments occurred while the weight was decreased to three hundred 
grammes; see b, fig. 8. The contractions which were next made 
were considerably higher, but the effect of the fatigue was soon seen, 
first, in the decline of the curve, and, second, in the occasional failure to 
raise the weight. Five of the twenty-two contractions which immedi- 
ately followed the change of weight were ineffective while the rest 
raised the weight to a considerable height. The strong contractions fell 
into groups of from two to four. Of the next thirty-six contrac- 
tions only three were unsuccessful though many were very weak. The 
weight was then lessened to two hundred grammes, c, fig. 8, and 


the height of the contractions again increased. During the next two 


hundred and sixty contractions, though many irregularities, and occa- 
sionally a failure to raise the weight, were seen, the strength as a whole 
increased rather than diminished. The weight was then increased to 
three hundred grammes and an immediate decline in the height of the 
contractions was observed, d, fig. 8. The strength underwent irre- 
gular variations, and groups of more or less efficient contractions were 
seen, separated by frequent failures to raise the weight. At the close 
of the experiment there was a slight major recovery, when all the 
contractions were somewhat higher, e, fig. 8. The irregularities seen 
in this curve are not peculiar to women; similar variations have been 
seen very commonly with men, and two other women who were experi- 
mented upon, though showing less strength than the men, gave curves 
of fatigue which were not less regular. In the following experiments 
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periods of stronger and intervals of weaker contractions were seen even 
when the contractions averaged high. 


Exper. IX. on McA. April 24, 1890. 


Voluntary contraction of the abductor indicis of the right hand 
every two seconds. For the first nineteen minutes the weight was four 
hundred grammes and during the rest of the experiment it was six 
hundred grammes. The record given in fig. 9, plate L, was made 
towards the end of the experiment. The subject was evidently paying 
attention to the work and each contraction was the strongest possible. 
A short time before he had complained of being tired, but had been 
urged to continue the work for a short time and to make each contrac- 
tion his best. Earlier in the experiment the contractions had shown 
this same tendency to fall into groups of greater or lesser height, but 


the difference between the largest and smallest contractions had been 
less. 


Exper. X. oN F. M. May 9, 1890. 


Voluntary contraction of the abductor indicis of the right hand once 
a second. The weight was three hundred grammes. a, fig. 10, plate 
II., shows the curve of fatigue from the first to the thirty-fifth con- 
traction. The “steps” which are seen at the beginning are probably 
due to the fatigue of a previous experiment of some length, from which 
the subject had not fully recovered. b, fig. 10, gives the record from the 
one hundred and seventy-fifth, to the two hundred and twenty-eighth 
contraction, and c, fig. 10, from the four hundred and twenty-eighth to 
the five hundred and second contraction. As the fatigue progressed the 
minor recoveries of power fell into groups, and periods of strength 
separated by intervals of weakness were witnessed. 


Exper. XI. on J. June 28, 1890. 


This experiment was made on a Professor of Psychology who chanced 
to visit the laboratory while the work was in progress. Although he 
was inclined, in the conversation which preceded the experiment, to 
refer the variations in the power which the writer had observed to 
alterations in the attention of the subject, he himself exhibited during 
the experiment losses and recoveries of force scarcely less remarkable 
than those which occur in the case of the writer. 

Voluntary contraction of the abductor indicis of the right hand, once 
every two seconds. The weight, which at the start was five hundred 
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grammes, was gradually increased until it amounted to fourteen hundred 
grammes. The height of the succeeding contractions declined very gra- 
dually, until after sixteen minutes’ work the largest weight was added ; 
a, fig. 11, plate II. The strength then declined quite rapidly, and 
finally the subject was altogether incapable of raising the weight. The 
endeavours were, nevertheless, continued at the same rate, and there 
followed a number of periods of recovered strength, separated by inter- 
vals when the weight could not be stirred. 


Exper. XII. on W. P. L. April 23, 1890. 


Of all the men examined, the writer, himself, displays the altera- 
tions of force which we have been considering most markedly. In the 
following experiment one major recovery and many minor recoveries 
were witnessed. 

Voluntary contraction of the right abductor indicis, once a second. 
The weight was five hundred grammes. The curve of fatigue, fig. 12, 
plate II., declined at first rapidly and then more gradually till the one 
hundred and seventy-fifth contraction. At this point a major recovery 
began. This did not prevent the minor alterations in the strength, and 
the difference between the highest and lowest contractions became more 
and more marked. It is worthy of notice, that late in the experiment 
many of the periods of increased strength resulting from minor re- 
coveries lasted a shorter time, and the intervals of weakness separating 
them a longer time. This is a frequent but not invariable occurrence. 
Indeed a major recovery may appear even towards the end of a long 
experiment, and may be accompanied by an almost complete cessation 
of minor variations. An example of this is to be found in the next 
experiment. Nevertheless, the fact that minor variations may persist 
in spite of a major recovery suggests that the two phenomena are due 
to independent causes. 


Exper. XIII on W. P. L. March 1, 1890. 


Voluntary contraction of the right abductor indicis once a second. 
A weight of four hundred grammes was used. The first loss of power 
came at the end of one hundred and forty seconds and lasted about 
seven seconds. This was followed by a recovery of strength lasting 
fourteen seconds, which was in turn followed by a second loss of power. 
The following table gives the course of this experiment. 
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TABLE I. 


Exper. on W. P. L. March 1, 1891. 
Period of strength following interval of weakness. 
in seconds in millimeters seconds in millimeters 
lst 140 64 7 4h 
2nd 14 594 4 16 
3rd 13 58 5 63 
4th 13 61 5 9 
5th 12 68 4 11} 
6th 9 61 4 11 
7th 12 60 5 10 
8th 24 55 9 8 
9th 10 56 8 5 
10th 12 54 6 
llth 11 56 8 7 
12th 13 55 6 8 
13th 11 54 9 
14th 16 60 12 1 
15th 26 55 15 2 
16th 17 56 7 2 
17th 38 59 10 2 
18th 42 60 7 11 
19th 518 614 3 17 
20th 18 60 8 2 
21st 20 52 5 
22nd 10 56 7 1 
23rd 12 514 9 4 
24th 14 52 6 3 


The great alterations in the force which were seen in this and the 
preceding experiment are not exceptional in the case of the writer. 
Similar changes have been observed in experiments which have been 
made at hundreds of times during the past three years. The major 
variations have been observed less frequently than the minor variations 
because most of the experiments lasted too short a time. The minor 
variations never failed to appear provided the rate of contraction was 
frequent, the weight was large in proportion to the strength of the 
muscle lifting it, and the experiment was continued sufficiently long. 
Moreover, the loss and recovery of power has been observed with a 
great variety of muscles; in the flexors and extensors; in the muscles 


1 
„ 
+ 
a 
— ͤG— — — — 
1 


FATIGUING VOLUNTARY WORK, 111 


of the hands, arms and feet. It may be noticed even in the voice. If 
the writer repeats the vowels, a, e, i, o, u, a great many times, in rapid 
succession, the time comes when he is unable to enunciate quickly or 
distinctly, the sounds are checked and prolonged in spite of the greatest 
effort on his part, and then, suddenly, the ability returns and the letters 
are spoken as glibly as before, until the second loss of strength comes on. 
When this shall appear, how long it shall continue, or what shall be the 
length of the succeeding periods of power and intervals of weakness are 
points concerning which the subject can form no estimate. Similar 
difficulties arise when the writer is counting tuning-fork curves ete. 
The muscles of the eye, or what is more probable the corresponding 
central nervous apparatuses fatigue, and the ability to accommodate and 
keep the place shows more or less periodic changes, 


Continuous Voluntary Muscular Contractions. 


Variations in the strength such as have been described were 
likewise clearly seen in experiments in which the attempt was made to 
keep a muscle continuously contracted and to sustain a relatively large 
weight at as great a height as possible. In such an experiment fatigue 
soon asserts itself and the muscle relaxes in spite of the greatest efforts 
on the part of the subject. From time to time recoveries of strength 
occur and the weight is lifted higher only again to gradually descend. 
To obtain the most striking results one should employ a weight suffi- 
ciently large to ensure rapid fatigue, but not too large to permit the 
partial recoveries of power from showing themselves. This form of 
experiment has the advantage that the local fatigue comes on rapidly 
and the general fatigue is less. On the other hand, such an experiment 
is somewhat painful, and in some cases it is found that the subject, in 
spite of his desire to do his best, does not keep the weight as high as he 
might. In such cases more reliable results are obtained if an additional 
effort to raise the weight be made once every two seconds. In the 
following experiment both the interrupted and continuous form of work 
was tried. 


Exper. XIV. on J. K. March 10, 1890. 


The man, a lather by trade, had but little idea of the meaning of 
the experiment. He simply did what he was told and did his best. 
The vigorous contraction of accessory muscles and the free secretion of 
perspiration left no doubt as to the earnestness of the endeavour. 
During the first part of the experiment the abductor indicis was con- 
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tracted twice a second, and each time a weight of 400 grammes was 
raised as high as possible. a, fig. 13, plate II., shows the character 
of the record eleven minutes after the beginning of the work. Many 
minor variations of the power occurred, and at b there was a major re- 
covery. In the second part of the experiment the subject tried to keep 
the muscle continuously contracted and to hold the weight as high as 
he could; see c, fig. 13, plate II. He declared that he was doing 
his best and could not prevent the weight from going down a little 
sometimes. The curves obtained by these two forms of experiment 
resembled each other greatly. 


Exper. XV. on F. M. May 9, 1890. 


This is another good illustration of the way in which the voluntary 
muscular power may alter within short intervals of time when one tries 
to keep a muscle continuously contracted. The experiment was made 
with the right abductor indicis, The weight employed was very small, 
but little more than sufficient to secure accuracy of record, but in the 
position of extreme abduction in the early part of the experiment the 
muscle worked against the unknown force produced by the unusual 
strain brought on the skin, ligaments and the antagonistic muscle by 
the unnatural position of the finger. The curves in fig. 14, plate 
II., which were traced directly from the original, are to be read from 
right to left. The upper curve, a, shows the position of the finger near 
the beginning of the experiment. The lower curve, b, gives the position 
of the finger about 2} minutes later. The almost rhythmic variations 
of the force are very evident. The vigorous effort to support the weight, 
caused considerable tremor, and the record shows small oscillations on 
the large variations like the waves of the pulse on a respiration curve. 
The larger variations correspond to the groups of contractions which are 
seen when the muscle is contracted frequently and at a regular rate. 


Exper. XVI. on J.C.C. May 7, 1890. 


In this experiment also the alterations of the strength were very 
marked. See fig 15, plate II. The conditions were the same as in 
the last experiment, except that, on account of the greater muscular 
development of the subject, a larger weight was used. The curve of 
fatigue has quite a different shape, probably because of the different 
individual peculiarities of the subject. This man had kindly permitted 
me to make a number of experiments on him before this, he was 
therefore familiar with the work and could be relied upon to give his 
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whole attention to it. Irregularities caused by tremor were very ap- 
parent in this record. 

Whether the alterations in the voluntary power which have been 
observed in the case of others are, like those of the writer, chiefly due to 
changes occurring within the central nervous system, is still an open 
question. Waller’, in a late article, has expressed the opinion that 
during fatiguing voluntary muscular work the central nervous mechan- 
isms tire first, and that fatigue of these mechanisms is protective of the 
peripheral mechanisms. Mosso, on the other hand, though recognizing 
the importance of central changes, would lay much more weight on the 
effects of peripheral fatigue. There can be little doubt that all the 
mechanisms which take part in producing the voluntary muscular con- 
traction, with the exception perhaps of the nerves, fatigue, and probably 
each plays its part in determining the shape of the curve of fatigue. 
The major recoveries of power which have been described may well be 
due, in part, to the improved circulation in the muscle brought about by 
the work, the muscle massaging itself, so to speak, and, in part, to a 
more vigorous circulation and consequent increase in chemical activity in 
the central nervous system. It is less likely that peripheral changes are 
responsible for the minor variations of the strength. Such rapid altera- 
tions of the power are never seen in experiments upon the isolated 
nerve and muscle, or in experiments in which nerves and muscles in 
which the normal flow of blood is maintained are excited to contraction 
by artificial means. 

If it be true that the minor variations of the power are of central 
origin, it is interesting to note that, in the case of the writer, exercise 
which increases the strength and endurance, increases also the regularity 
of the work and delays the coming of the minor variations, This sug- 
gests that exercise not only strengthens the muscles but increases 
the endurance of the central nervous mechanisms which take part in 
the work. The gain in power seems to be confined to the parts which 
are exercised, similar mechanisms on the other side of the body, for 
instance, being little if at all affected. 


Relative strength of synchronous contractions of similar muscles 
of the two hands. 


If one contracts the abductor indicis muscles of the two hands at the 
same time, under as nearly as possible the same conditions, and each time 


1 A. D. Waller. The Sense of Effort.” Brain. Pts. 54 & 55, 1891, p. 179. 
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with his utmost force, and if he directs his attention as far as possible 
to both, the two curves of fatigue show the force and endurance of the 
two hands to be different. Moreover, minor variations such as have 
been described are seen to occur on the two sides sometimes syn- 
chronously and sometimes independently. The alterations in the 
strength may correspond so closely on the two sides, even in long 
experiments, as to leave little doubt but that they are the result of a 
common influence. At other times, however, the strength may be 
greatest on one side at a moment when it is least on the other; the 
height of the contractions of the one hand may be increasing or de- 
creasing at a time when the height of the contractions of the other 
hand are changing but little, or in the opposite direction; in fact the 
lack of harmony in the action of the two hands may be so great as to 
make it evident that their variations have different points of origin. 
Nor is this lack of harmony due to the attention being directed irregu- 
Jarly to the two sides, because the contractions may be small on the 
side to which the attention is purposely directed, at the same time that 
they are large on the other. In short, the two sides may at times show 
synchronous variations in strength, attributable only to a common 
cause, and, at other times, independent variations, evidently produced by 
independent local changes. 

Though these statements apply to the minor variations, the major 
variations have been seen to occur simultaneously on the two sides 
enough times to make it probable that they are usually, at least, the 
result of influences which affect large parts of the central nervous 
system at the same time, though not necessarily to the same degree. 
An alteration of the general blood-pressure in the central nervous 
system suggests itself as a possible cause. The following experiments 
will serve to illustrate what has been said concerning the minor varia- 
tions. 


Exper. XVII. on W. P. L. April 29, 1890. 


The abductor indicis muscles of the two hands were voluntarily con- 
tracted simultaneously once every two seconds. The weight was the 
same for each hand, 400 grammes. Each contraction was the strongest 
possible, the attention being directed as far as possible to both hands 
equally. The work was begun with both hands, but the left was stopped 
after thirteen contractions and the right allowed to work alone till the 
sixty-sixth contraction, when the work was again taken up by the left 
hand. From this time on the two hands worked together, and as nearly 
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as possible under the same conditions, See fig. 16, plate II. The 
dotted line gives the curve of fatigue of the left, and the continuous line 
of the right hand. The heights of the synchronous contractions of the 
abductor indicis muscles of the two hands were as follows. 


7 58 53 11 52 11 6 29 
23 48 44 29 54 26 3 26 
38 52 29 46 52 39 2 22 
53 43 33 44 54 42 9 10 
57 57 21 18 55 43 23 12 
50 58 25 40 55 43 48 25 
48 62 14 45 55 46 55 43 
37 57 13 35 41 33 58 43 
29 49 6 43 23 20 56 47 
33 44 10 26 10 19 57 41 
24 56 11 35 7 46 56 44 
21 42 26 48 13 44 49 40 
16 56 7 45 7 39 15 33 
24 56 17 18 5 35 26 40 
20 56 42 10 7 21 14 35 
14 57 51 21 12 18 13 22 
31 31 50 15 7 30 7 14 
32 47 51 19 4 16 6 9 
18 46 53 9 17 7 35 6 
14 36 51 36 54 15 55 33 

5 41 53 49 57 14 58 47 
12 42 52 49 56 43 57 48 
16 46 55 45 52 51 60 48 
24 38 50 39 59 49 56 48 
40 11 37 47 54 48 55 39 
48 10 33 43 53 48 54 44 
51 19 20 41 51 46 51 48 
49 41 13 44 23 19 45 33 
50 56 3 42 17 2 57 37 
53 48 5 35 3 6 58 43 
53 49 1 19 3 43 49 38 
55 37 15 at 3 28 52 43 
47 26 49 11 5 35 47 39 
50 17 


In the above experiment the marked minor variations were seen to 
occur on the two sides quite independently. In a part of the following 
experiment, like wise, the irregular variations of the strength of the two 
hands seemed to be little related, while in another part a close corre- 
spondence between them could be traced. 


8—2 


TABLE II. 
Height of contraction stated in millimeters. 5 
Right Left Right Left Right Left Right Left 4 
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Exper. XVIII. on J. C. C. April 30, 1890. 


Voluntary contraction of the abductor indicis muscles of both hands 
at the same time, once every two seconds, The weight was the same 
for both, seven hundred grammes. The record, a, fig. 17, plate II., 
was made after the subject had worked sixteen minutes. There is quite 
a close correspondence between the alterations of the strength of the 
two sides. The curve b, fig. 17, was taken fourteen minutes later, 
and five minutes after the weight had been reduced to five hundred 
grammes. The strength of the contractions showed less correspondence 
on the two sides in this part of the curve. A still greater independence 
was seen when the attempt was made to keep the muscles continuously 
contracted, and to hold the weights as high as possible; c, fig. 17. 

In these experiments it has been seen that the strength of the 
mechanisms on the two sides may vary synchronously or independently, 
in other words, that it may be influenced by conditions which affect both 
sides alike, or which act exclusively upon one side. This result is in 
harmony with what little we know of the many possible sources from 
which the activity of the central nervous mechanisms may be con- 
trolled. 

Not enough work has been done to permit definite statements con- 
cerning the strengthening or weakening effect of the action of the one 
hand upon the other. A careful stady of the time relations of such 
movements would be essential to any reliable results. The few ob- 
servations which have been made with reference to this question favour 
the idea that if one hand acts simultaneously with the other it tends to 
weaken rather than strengthen its movements. This effect is not a 
constant one, however, as many exceptions occur. Thus, in some 
experiments on J. C. C., in which the right abductor indicis was 
continuously contracted, and an extra effort to raise the weight was 
made in unison with movements of the abductor indicis of the left 
hand, which contracted and raised the weight once every two seconds, 
it was noticed that in the early part of the experiment, before the 
muscle of the right side had become tired, the contraction of the muscle 
of the left hand favoured the action of the right; later in the 
experiment, after the fatigue had become pronounced, not only was the 
reenforcing influence of the left hand ineffective, but the tendency of 
two hands to move in the same direction was less easily resisted, and 
the right hand was seen to relax a little with each relaxation of the left. 
This question necessitates a careful study of the physiological processes 
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which concern control and direction of the attention during voluntary 
movements. It is a common experience that it is easier to perform 
similar rather than dissimilar acts with two members and that it is with 
difficulty that one can change the strength or rate, or reverse the direc- 
tion of a movement of one hand without altering the character of the 
movements of the other. One can strike a table at the same time with 
both hands and give a hard blow with one and a light blow with the 
other, but it is difficult to quickly reverse the action. One can describe 
a circle with his foot on the floor, or he can write a capital letter D with 
his finger on his knee, but he finds difficulty in doing both at the same 
time, for at the moment that the direction of movement of the hand is 
reversed there is a tendency for the movement of the foot to undergo a 
similar change. A lady, who has often helped me in my work, kept a 
record for a series of days of the number of times that she was able to 
play the scale of E on the piano simultaneously with both hands. In 
addition to a marked increase iu endurance resulting from practice, she 
noticed that the left hand fatigued and skipped the notes before the 
right. If she stopped the exercise with the stronger hand before the 
weaker hand showed this sign of fatigue, the control of the weaker hand 
was lost much sooner, and if, when the weak hand was skipping and 
playing irregularly, she again began to accompany it with the stronger 
the weak one was helped and for a time worked much better. It was 
as if the weak hand had been encouraged and its faltering movements 
been directed by the simultaneous action of the right. All these obser- 
vations are very suggestive and serve to remind us of the many influences 
which determine the strength of our movements, Until we understand 
them better, we cannot hope to answer the simple question, is the action 
of one hand strengthened by the simultaneous action of the other ? 


Similar Variations of the Knee-jerk and of Mental Processes. 


As has been shown by the writer in previous papers, the minor 
variations in the curve of fatigue of voluntary muscular contractions, such 
as have been described, are due, in his case at least, chiefly to changes 
which occur within the central nervous system. One accepts such a 
conclusion the more readily, because familiar with many examples 
of central nervous processes which, even under apparently like circum- 
stances, vary greatly in activity. Even in the study of the lower animals 
when the conditions of the experiment can be best controlled we are 
unable to call out any number of consecutive reflex acts of exactly the 
same extent. The activity of the central nervous processes in man 
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undergo variations, if possible, even more rapidly. The Knee-Jerk is 
always varying in extent, however carefully the experiment is made. 
Many of these variations are attributable to the reenforcing and weak- 
ening influence exerted by nervous processes which occur in other parts 
of the central nervous system. This has been noticed in the experiments 
of Jendrassik, Mitchell and Lewis, Lombard, Bowditch and 
Warren, Steinberg, Waller, Noyes and others. There remain, 
however, irregularities which cannot be explained, and these irre- 
gularities seem to be comparable to some of those which we have 
noticed in studying the curve of fatigue of voluntary muscular con- 
tractions. When the experiment is long continued, and when the 
Knee-Jerk is excited frequently and each time by blows of the same 
force, one sees not only occasionally high and low “ Knee-Jerks” 
scattered along the curve, but also notices periods of stronger separated 
by intervals of weaker “Knee-Jerks.” This is to be observed in experi- 
ments in which the subject is as nearly as possible both bodily and 
mentally at rest, and when no reenforcing cause can be detected. 

The following experiment illustrates this point. ö 


Exper. oN W. P. L. April 8, 1890. 


The subject lay in a comfortable position on his left side. His right 
thigh rested on a fixed support, and his right foot was suspended in a 
swing which hung from the ceiling by a long cord. The blows were 
struck on the right ligamentum patelle by a pendulum hammer, 
which in the interval was held at a definite height by two strong 
electro-magnets. 

These magnets were placed near the upper end of the handle of the 
hammer, on which there was an iron plate. The iron plate was always 
sufficiently near the magnets to be attracted to them when the electric 
current was complete. The hammer was released every three seconds, 
when the circuit was broken by a clock. Each time the blow was struck, 
the Knee-Jerk caused the foot to swing forwards. As it did so, a string, 
which was attached to the heel, drew the recording needle downwards 
and caused à line to be drawn on the smoked paper on a revolving 
drum. The backward swing of the foot which followed was checked 
by an upright, which was placed so as to touch the calf of the leg in 
the position of rest. This prevented many oscillations, and caused the 
leg to come to rest in time to receive the next blow. It is unnecessary 
to give a further description of the apparatus. Suffice it to say that the 
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blows were struck with great regularity and with the same force each 
time. 

Nothing could be detected in the mechanical arrangements of the 
experiment to account for the alterations in the strength of the 
movement. 

The effect of reenforcing influences was very marked, whether the 
reenforcements were made intentionally, as by clenching the hands 
or teeth, or whether they were called out by accidental conditions, such 
as the alighting of a fly on the face, or a word spoken by one of the 
observers. 

The height of the curve also differed greatly according as the 
subject kept his eyes closed, or tried to sleep, or had them open and 
watched the movements of the assistant. Respiratory movements 
did not seem to reenforce. The curve which is given in fig. 18, 
Plate IV. was made by connecting the ends of the lines drawn by the 
needle as it was pulled downward by the succeeding Knee-Jerks.“ 
The curve reads from left to right. 

The part of the experiment given at a, fig. 18 occurred about 
6 min. after the work began. The subject was evidently becoming 
more quiet, and this, together with the slight fatigue produced by the 
rapidly repeated movements, caused the strength gradually to lessen. 
Towards the end of this part of the record, ö, fig. 18, the subject 
talked somewhat, and the increased mental activity reenforced the 
movement and caused the Knee-Jerks to be greater. 

The record given at c, fig. 18, occurred as a part of the same 
experiment, but twenty-two minutes later. During this time the 
subject had been lying quietly with closed eyes and almost asleep. 
Towards the end of the curve, d, fig. 18, one sees that the move- 
ments not only became extended but that they showed greater 
irregularity. 

At this point the subject opened his eyes, and, though he made 
no other perceptible movement and was apparently not reenforcing, 
the return of mental activity immediately showed itself. This experi- 
ment was but one of several and demonstrated, as they all did, that 
blows of the same strength, delivered at regular intervals, and under 
apparently the same conditions, call out “ Knee-Jerks” of very variable 
intensity, even when the subject is quiet in body and mind, and that 
the larger movements often come in groups. Muscular contractions 
which are called out by electrical stimulation of the muscles, or of 
their nerves, do not show any such sudden alterations in strength, 
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and the most likely explanation of these variations is, that the motor 
cells in the spinal cord, which correspond to the quadriceps muscle. 
undergo changes in activity similar to those which we have attributed 
to the central nervous mechanisms which take part in the voluntary 
contraction of the muscles of the arm. 

The experiments which the writer has made on others lead him to 
believe that the Knee-Jerk” curves obtained from different men will 
show as great individual differences as the curves of voluntary muscular 
fatigue. 

Though the writer can make no positive statements as yet, his 
experiments point to the conclusion that though central nervous 
processes vary greatly in different individuals they all follow the same 
general course in any one man. For example, he is convinced, that in 
his case, not only voluntary muscular contractions and the “ Knee-Jerk” 
have many peculiarities in common, but that such purely mental 
processes as the addition of a long column of figures or the reading of 
a difficult passage in a book undergo similar variations. The mental 
work at first proceeds rapidly, but, later, as fatigue comes on, shows 
many irregularities, at one time being effective and soon after ineffective. 
Thus the addition runs smoothly for a time and then halts, the sum has 
to be repeated two or three times before the mind can make the next 
calculation, and then the process aguin proceeds easily until the next 
enforced halt. It is not that certain figures cause unusual difficulty, 
but that the sum which is usually associated with the thought of the 
addition of two figures fails for a short time to be presented to the 
mind. Similarly, when the mind is fatigued, the difficult passage has to 
be read a number of times, because the series of words convey no im- 


pression, though, immediately after, thoughts which are apparently no 


less difticult may be easily grasped. 

It is probable that this is no unusual experience, since one frequently 
hears such remarks as, “I cannot concentrate my mind,” “ My attention 
wanders,” 

“The attention wanders” is a convenient expression for conveying 
the idea that the individual is incapable of doing continuous mental 
work, but the explanation suggested is superficial. In the case of the 
variation in the strength of voluntary muscular contractions the 
wandering of the attention, in the sense that the mind is diverted by 
other subjects, plays a minor réle. As has been said, the contractions 
may be weakest at a time when the efforts, as shown by the facial 
expression, the vigorous contraction of accessory muscles, the increased 
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respiration, and profuse sweating, are the greatest. The same seems to 
be true of mental work. It is true that it is hard to concentrate the 
attention at the time that the work is ineffective, but this appears to be 
a secondary affair. 

As far as the writer can judge from memory of his mental state at 
the time that his mind fails to do the work, it is not the wandering of 
the attention which interferes with the mental process, but the cessation 
of the mental process which releases the attention, which then wanders. 

James says, “ No one can possibly attend continuously to an object 
which does not change.” It is certainly true that it is extremely 
difficult to hold the attention to the work when there is a pause in the 
process of addition for example; one is obliged to repeat the sum which 
has been reached, over and over again, in order that the attention shall 
not wander and the sum be forgotten while one is awaiting the return 
of power and the ability to make the next addition. 


Relation of alterations in strength and circulatory changes. 


During these experiments the independence of the separate nervous 
mechanisms engaged in the work, both as regards the way in which they 
fatigued and recovered from fatigue, was apparent. We hear people 
speak of the store of nervous energy as if there were a reservoir from 
which the whole body is supplied, while everything points to the 
conclusion that each nerve-cell has its own store. Probably each nerve- 
cell contains material which under suitable conditions is capable of 
developing that unknown form of movement which we term the nerve 
impulse. The amount which a given cell can develop depends, first, on 
how much material capable of developing nerve energy it contains and 
the quantity of nutriment it is able to take up from the surrounding 
fluids and convert to its own uses; second, on the readiness with which 
it can excrete the waste products which result from the chemical action 
going on within it and the amount of these or of similar poisons in the 
fluids about it; (one can find an analogy here to the effect of the 
presence of ptomanes etc. on the life of the lower organisms ;) and, third, 
on the character of those little understood nervous influences which 
come to the nerve-cells from sensory organs, or from other nerve-cells. 

The nature of the curve of fatigue of the motor nerve-cells would 
seem to depend on two sets of conditions, the one within the cell, the 
other in the circulatory system about it. The first set of processes are, 
as yet, scarcely to be studied on the human subject, and the second set 
can only be indirectly investigated. 
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The writer hoped that he might, by means of Mosso’s plethysmo- 
graph, find some relation between the marked minor variations of the 
strength which he had observed on himself and alterations of the 
circulation. These losses and recoveries of power (see record in fig. 
12, plate II.) had evidently no relation to the respiration and heart 
beat, but in those experiments in which they recurred most regularly, 
the rate of their recurrence was suggestive of those rhythmical altera- 
tions of the blood pressure known as the Traube-Hering curves. 

It is not necessary to go into particulars concerning these experiments, 
as they gave negative results. The apparatus worked well, but no 
changes in the volume of the right arm were seen, corresponding to the 
alterations in the voluntary muscular power of the muscles of the left 
arm’, Vaso-motor changes do not seem to occur as rapidly and 
markedly in the case of the writer as in that of some other men, and 
perhaps another would have proved a better subject for such experi- 
ments. 


Are the variations in the strength due to the Mental Attitude of 
the subject towards the Work? 


The writer is convinced that the variations of the strength which 
have been described are not the result of the mental attitude of the 
subject towards the work. 

The failure and recoveries of power which are so remarkable in the 
case of the writer were first noticed when unsuspected. The pheno- 
menon was first observed at Turin, where the writer undertook to 
make some experiments, at the suggestion of Professor A. Mosso, on 
the effect of temperature upon the voluntary contraction of the flexor 
muscles of the fore-arm. While studying his normal curve of fatigue 
he chanced in one experiment to continue the work somewhat longer 
than usual, with the desire of obtaining complete fatigue of the muscle. 
Just as he was about to stop his work, his power suddenly began to 
return. He supposed that he had not been paying attention to the 
work, and, annoyed at the thought of his negligence, did his best to 
fatigue the muscle; nevertheless he saw the power decrease only again 
to recover, again decrease and again recover. | 

Such alterations of power have shown themselves with equal 


1 Dr Wm. Noyes. “On Certain Peculiarities of the Knee-jerk in Sleep in a Case of 
Terminal Dementia.” American Jour. of Psychology, Vol. 1v., No. 8, 1892, p. 348. Dr 
Noyes seems to have been more successful in a similar line of work. He thinks to have 


found variations in the plethysmographic curve of one leg of a paraplegic patient which 
correspond to the alterations of the “‘Knee-jerk” of the other leg. 
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constancy when the experiments were made to solve quite different 
problems and when the periodic variations in the strength were not 
under consideration and excited almost no attention; or when the 
experiments were performed as routine work, as in the study of the 
effect of exercise, the weather etc. upon the voluntary power, when the 
separate experiments excited little interest and the curves were not 
studied until long after. 

These alterations of the strength explain some difficulties which the 
writer experienced in certain forms of mental and muscular work long 
before these experiments were thought of. Thus in the addition of 
long columns of figures and in reading difficult passages in books, 
especially when he was fatigued, or in running long distances, or in 
rowing boat-races. 

Moreover, as has been stated, the writer's “knee-jerk,” which is 
beyond voluntary control, has been seen in long-continued experiments, 
in which the blows were given every two seconds, to undergo irregular 
and sometimes almost periodic changes in strength similar to those 
which have been described for the voluntary power and which occur 
independently of any recognisable reenforcing or inhibiting influences. 

Indeed, the peculiar alterations in strength which show themselves 
in fatiguing voluntary muscular work, seem in the case of the writer 
to occur in most central nervous processes, 

Though these variations are unusually wide in his case, similar 
alterations in power are to be observed on other men. These variations 
in the strength, whether appearing as “ major recoveries,” as periodically 
recurring groups of stronger and weaker contractions, or merely as 
irregularities in the force of contractions which are made within a few 
seconds of each other, are not caused by a lack of attention, though this 
would of course produce such a result, or by preconceived ideas as to 
the character of the work. They were noticed in those who had no 
idea of the object of the experiment. Many expressed surprise at their 
appearance, and the fact that they were unable to prevent their 
recurrence. Subjects have made such remarks as these: “I can 
scarcely stir it,” and, a few minutes later, Now it goes easily again.” 
„It is much easier sometimes than others.“ When a “spirt” was asked 
for, and the subject was urged to think of each contraction and to do his 
best each time, the same result was obtained as when the subject’s 
attention was partly diverted from the work. In the first case, it is 
true the contractions were often a little higher, and, in the second case, 
a little lower, but they showed the same irregularities as before. 
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The sensations experienced by the writer during the work do not 
throw any light on the question. He feels the resistance of the weight 
more in the finger and in the tendons at the wrist than in the muscle. 
As the power lessens and the weight is lifted less and less high, he 
may think of the weight as increasing, or that his ability to raise it 
is lessening and that his muscle does not respond to his will. Often 
he becomes excited and if possible exerts even greater efforts than 
before. These extra efforts though they may cause the unintentional 
contraction of many other muscles generally have no effect on the 
strength of the movement. Still the weakness gains upon him, until 
the power may be wholly lost. The subject then feels as if the muscle 
were paralyzed. He is not conscious of any inability to will the impulse; 
the strength with which he contracts other muscles prevents such an 
idea. If he continues to strive to raise the weight, whether the effort 
which he makes be violent or not, the power may return, and, if it does, 
he is surprised by the ease with which the weight may be lifted. The 
second loss or recovery of power comes the same as the first, without 
warning and without any apparent reason. In short, from his sensa- 
tions the subject can draw no conclusions as to the cause of the varia- 
tions of his strength, and they are entirely beyond his control. 

Even after one has experimented frequently with this form of work, 
he is unable to judge from his sensations, or in any way to find a clue 
which will enable him to predict, at what moment the power shall 
begin to lessen, or return, or indeed, whether such changes shall occur. 
Thus in the experiment recorded in table I., p. 110, between the 18th 
and 19th decline of power there came a major recovery of over eight 
minutes in which the strength showed no variations that the subject 
could notice while at work, though slight periodic variations are to be 
seen in the record. This long period followed many short ones, and was 
entirely unlooked for by the subject. For a time he expected that each 
of the succeeding contractions would show the decline; then as the 
power continued apparently unabated, he thought that he had gained 
his “second wind,” and that the periodic changes would come no more. 
When he had ceased to expeet them and was continuing the work only 
to see if he could tire out the muscle with the weight in question, the 
periodic variations of the strength again became marked. There can 
be little doubt but that the variations in the strength which here 
interest us had some other cause than alterations in the attention, or 
the attitude of the mind of the subject towards the work. They came 
unexpectedly and they were unavoidable. . 
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THE INFLUENCE OF CARBONIC ACID DISSOLVED 
IN SALINE SOLUTIONS ON THE VENTRICLE OF 
THE FROG’S HEART. By SYDNEY RINGER, M. D., 
F. R. S. 


From the Physiological Laboratory of the University College, London. 


In this communication’ I desire to draw attention to the influence of 
carbonic acid dissolved in distilled-water on the frog’s heart, when 
perfused as saline solution. 

Distilled water exposed to the air freely absorbs carbonic acid, 
giving it a distinct acid reaction. This carbonic acid greatly lessens 
the time that saline solution can sustain the ventricle’s contractility. 

To remove the carbonic acid the water was boiled about three 
hours; then cooled and made into 6% saline solution and at once or on 
the next day* used in the experiment. 

Of course oxygen is driven off by heat as well as carbonic acid but I 
shall show that oxygen dissolved in saline apparently exercises no 
influence in sustaining or impairing cardiac contractility. 

Distilled water always gives a distinct acid reaction with delicate 
litmus paper, and after boiling for three hours the water though less 
acid still generally remains slightly acid, and on only two occasions have 
I obtained a neutral water. 

Whilst with ordinary saline (Le. made with distilled water which 
has been exposed to the air and has absorbed carbonic acid) the con- 
tractility of the heart quickly grows weak and is soon suspended; with 


1 In these experiments I employed Roy’s tonometer. 

The various solutions of calcium, sodium and potassium were of 1°/, strength. Most 
of these experiments were made in June, July and September. 

2 In some experiments the flask containing the boiled distilled water was closed with a 
cork through which a glass tube was passed and this was connected with a bottle contain- 
ing a concentrated solution of caustic potash, so that as the fluid cooled the air drawn into 
the flask was freed from carbonic acid. 
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saline made with water recently boiled, contractility persists much 
longer. The length of time however varies within rather wide limits. 
If the circulation is rapid the beats at first grow weak but in a short 
time grow stronger again and may almost regain their original com- 
pleteness. Then the contractions again grow weak and in a variable 
time, from 20 to 50 minutes, contractility ceases, even after strong 
induction shocks, The average duration of 14 experiments was 28 
minutes, 

In hot weather the heart beats rapidly, and some fusion and tonic 
contraction occurs which becomes less as the rhythmic contractions 
grow weaker. In some instances the suline prolonged both contraction 
and dilatation, especially dilatation, and occasionally when the contrac- 
tions became very weak, they were also irregular. 

The influence of carbonic acid is well shown by passing washed 
carbonic acid through distilled water that has been boiled. This 
without carbonic acid as saline permits contractility for half-an-hour 
or longer, whilst some of the same saline containing a large quantity of 
carbonic acid arrests the ventricular contractions very soon after the 
solution reaches the heart. Perfusing the arrested ventricle with saline 
solution free from carbonic acid does not restore contractility. Neither 
does the addition of various neutral salts (calcium, potassium or sodium) 
to the saline containing carbonic acid restore contractility. Still contrac- 
tility is not destroyed, it is only suspended, for if a circulating saline 
made of tap-water (New River Water Company) and to 100 cc. of 
which 4 cc. of 1% solution of potassiam chloride is added contractility on 
electrical stimulation and sometimes spontaneously, returns and becomes 
after a time complete. The tap-water circulating fluid contains a 
considerable quantity of lime as sulphate and bicarbonate and has an 
alkaline solution. This fluid no doubt neutralizes the carbonic acid, 
frees the ventricle from its influences when the calcium and potassium 
salts are sufficient to restore contraciility. 

I record one experiment: 3 

Saline charged with carbonic acid rapidly arrested contractility, although 
the ventricle was powerfully stimulated by induction shocks. The addition 
to 100c.c. of 4 c. 0. calcium nitrate solution and next 2c.c. of potassium 
chloride solution, and lastly of 2 c. 0. of sodium bicarbonate solution failed 
to restore contractility. The solution gave an acid reaction. After adding 
5% solution of sodium hydrate till the fluid became faintly alkaline (and 
this was added so slowly that an hour elapsed) contractility returned and 
slowly improved. In this experiment the carbonic acid quite prevented the 
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calcium, sodium and potassium salts restoring contractility, but on neutralizing 
the carbonic acid contractility returned. 


The effect of carbonic acid again is shown by its influence on 
various solutions. Tap-water circulating fluid and saline made with 
boiled distilled water 100 c.c. containing 4c.c. calcium nitrate, 2c.c. 
potassium chloride and 2c.c. sodium bicarbonate solutions are both 
excellent circulating fluids, sustaining the ventricle for more than two 
hours with scarcely any impairment in the strength of the beats. Yet 
if carbonic acid is passed through either of these solutions as they 
perfuse, it very speedily suspends contractility. These fluids when 
treated with carbonic acid give a double reaction; delicate litmus 
paper is first reddened, but on exposure gives a distinct alkaline re- 
action from the escape of carbonic acid. After suspending contrac- 
tility on returning to tap-water circulating fluid perfect contractions 
return. 

Saline solution containing much carbonic acid, to which a large 
quantity of sodium bicarbonate solution is added so that the solution 
to delicate litmus paper gives first an acid reaction and then on ex- 
posure a strong alkaline reaction, rapidly suspends contractility. 

A circulating fluid containing one part serum (reddened with 
hemoglobin) to two parts saline, through which washed carbonic acid 
was passed quickly suspended contractility. The carbonic acid must 
be passed through such a solution for a considerable time to arrest 
contractility and then the fluid gives the double reaction with litmus, 
first reddening it and on exposure of the paper turning it blue. 

_I next adopted the obvious plan of getting rid of the acidity by 
neutralization with weak solution of caustic soda or caustic potash. 
Some of the saline solutions were made nearly as possible neutral, 
others remained faintly acid. These solutions gave unexpected results. 
The contractility was long maintained but the character of the contrac- 
tion was greatly changed. In about 20 minutes the contractions 
became weaker and their duration much prolonged both in contraction 
and dilatation. At the same time there occurred tonic contraction. 
The contractions then gradually grew weaker, tonic contraction per- 
sisting, but relaxing a little as the rhythmic contractions became weaker. 
These effects also occur in the addition of small quantities of sodium 
bicarbonate to saline made with boiled distilled water. 

When the ventricle perfused with saline containing either sodium 
hydrate or potassium hydrate has almost ceased contracting, the addition 
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of potassium chloride removes tonic contraction and arrests the feeble 
beats, but the addition of calcium nitrate restores good contractions. 

The oxygen driven off on boiling distilled water apparently has no 
influence on the ventricular contractions, for saline solution through 
which oxygen was passed for a considerable time did not in any way 
affect the contraction. It behaved just as saline made from recently 
boiled distilled water. 

In a previous paper I have shown that a circulating fluid capable of 
long sustaining the ventricular contractility is made by allowing saline 
solution to stand over tribasic phosphate of calcium’, to each 100c.c. of 
the saline adding 2c.c. of potassium chloride or acid potassium phos- 
phate (HK PO) solution. No doubt the phosphate of calcium effects 
its influence on the ventricular contractility in two ways. It pre- 
cipitates most of the carbonic acid of the distilled water by giving up 
a portion of its calcium: precipitating carbonate of lime. Whilst the 
small quantity of acid phosphate of calcium that becomes dissolved 
is sufficient with the aid of the potassium salt to sustain the ventricular 
contractility for a considerable time. 

I shall next treat of the influence of various salts added to saline 
made of boiled distilled water. 

When the ventricle has grown very weak or contractility is lost the 
addition of 2c.c. of sodium bicarbonate solution to 100c.c. slowly 
restores contractions: and induces tonic contraction. On adding ‘4c.c. 
to 5 c.c. potassium chloride solution, the tonic contraction ceases and the 
excursion of the trace becomes greater, but this is mainly due to in- 
creased dilatation of the ventricle from the relaxed tonic contraction, 
but the trace too rises a little higher than previous to the addition of 
the potassium chloride, but this depends on the potassium chloride 
slowing the spontaneous beats and giving longer time for reparation, 
for if the contractions are excited more frequently then the trace is no 
higher than before the addition of potassium chloride. In a short 
time the contractions grow weak and contractility ceases. When potas- 
sium has slowed the ventricle and increased the excursion of the trace 
dilatation is greatly delayed. 

The addition of 5 c. c. of potassium chloride solution to 100 c. c. saline 
after the ventricular beats have become weak soon arrests contractility. 


1 I find the saline with calcium phosphate is rather more efficacious if the fluid is used 
(with potassium chloride) before 3 and whilst the fluid is 
still slightly milky. 
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When the ventricle perfused by saline made with boiled distilled 
water ceases to contract the addition of a calcium salt (2c.c. to 4c.c. 
calcium nitrate solution to 100 c.c. saline) speedily restores contractility, 
but the contraction is greatly prolonged, especially the dilatation, and 
much tonic contraction is induced, so that the ventricle is soon thrown 
to persistent contraction. The addition of potassium chloride solution 
(1°5 c. to each 2 c.. of calcium nitrate solution) gradually removes the 
tonic contraction and induces complete contractions, and on the ad- 
dition of 2 c. c. sodium bicarbonate solution the ventricle will continue 
to contract perfectly for more than two hours, this being the longest 
time that I have continued the experiment. 


Conclusions. 


Free carbonic acid dissolved in saline arrests cardiac contractility. 
Whether it has a specific effect or acts as an acid these experiments do 
not decide. 

Saline made of boiled distilled water, from which therefore most of 
the carbonic acid is expelled, permits the ventricle to contract longer 
than saline made of unboiled distilled water. 

Saline made of boiled distilled water however suspends contractility 
on an average in twenty to thirty minutes and often in twelve to 
fifteen minutes. 

Fluids well suited to sustain cardiac contractility for a long time, 
if treated by carbonic acid passed through them are no longer able to 
sustain contractility. This applies even to a mixture of blood serum 
and saline (1 to 2). 

Experiments with saline made of boiled distilled water corroborate 
my previous experiments. 

Potassium chloride added to saline is inadequate to sustain con- 
tractility. 

Sodium bicarbonate induces tonic contraction whilst the contrac- 
tions at the same time grow weak. 

The combined addition of sodium W and potassium 
chloride cannot sustain contractility. Calcium salts as calcium nitrate 
added to saline restores contractions but dilatation becomes greatly 
delayed and some tonic contraction is induced. The delay in dilatation 
and tonic contraction are obviated to a suitable quantity of potemiam 
chloride. 
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A combination of calcium nitrate and potassium chloride will long 
sustain the cardiac contractility, but the solution is made still more 
efficient by adding sodium bicarbonate (saline 100 c. c., calcium nitrate 
4c.c., potassium chloride 2 to 3c.c., sodium bicarbonate 2 c.c.). 

Calcium and potassium salts are mutually antagonistic. 

If potassium chloride is in slight excess then after a suspension of 
contractions, on renewing the contractions a staircase of beats occurs 
which is quite removed on adding more calcium salt. 

If calcium salt is slightly in excess, the contraction is prolonged 
and dilatation delayed, and these effects are most marked after a long 
suspension of contractions and may disappear on contractions being 
frequently induced. 
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CONTRIBUTIONS TO THE PHYSIOLOGY OF LYMPH 
SECRETION. By ERNEST H. STARLING, M. D., M. RC. P., 


Joint Lecturer on Physiology at Guy's Hospital and Grocers 
Research Scholar. (Plates V. VI.) 


(From the Physiological Institute, University of Breslau.) 


I. ON THE MODE OF ACTION OF LYMPHAGOGUES. 


IN a recent paper! Heidenhain has called attention to the existence 
of two classes of bodies, which, when injected into the circulation, have 
the power of largely increasing the flow of lymph. The first class, 
which includes peptone, leech-extract, extract of crayfish and mussels, 
and under some conditions, egg-albumen, and decoction of intestinal 
wall and liver, seems to act particularly in increasing the exudation 
from the blood, rendering this more concentrated, at the same time that 
the flow of lymph is augmented. The second class, which includes 


crystalline bodies, such as sugar and neutral salts, acts on the tissues, 


robbing these of water, so that both lymph and blood are rendered more 
watery. 

The present investigation deals entirely with the mode of action of 
the bodies belonging to the first class. On injection of peptone into 
the blood, not only is the flow of lymph increased, but also the amount 
of its solid constituents“. At the same time, the solid constituents of 
the blood-plasma are diminished, so that we must conclude that a fluid 
more concentrated than the plasma transudes through the vessel-walls. 
It is chiefly this fact which supports the idea that the increased forma- 
tion of lymph after peptone-injection is due to an active process of 
secretion by the endothelial cells of the capillary walls. 

These bodies, however, have another property in common. All of 


3 Versuche und Fragen aur Lehre von der Lymphbildung.” Archiv, Bd. 
XLII. 1891, p. 1. 


? loc. cit. p. 44. 
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them to a greater or less degree alter the blood and diminish or destroy 
its coagulability. This is especially the case with peptone, leech- extract 
and extract of crayfish and mussels. In the case of some other sub- 
stances, such as casein and foreign serum, which, as I have found, have 
an inconstant effect on the lymph, but which appear to be also members 
of the first class (from their simultaneous effect on lymph and plasma), 
diminution of coagulability of the blood occurs at the same time as 
increased flow of lymph. 

The question naturally arises whether in all these cases the real 


stimulus to the endothelial cells may not lie in the altered blood itself | 


and not in the substance injected. In this event, the primary action 
of peptone injection would be an alteration of the blood, and the 
increased transudation or secretion of lymph would be immediately 
caused by the alteration of the blood and would be only a secondary 
effect of the peptone, and in the same way with the ‘other members of 
this class of lymphagogues. The experimental solution of this question 
in one direction or another would seem to be an easy task. If the 
alteration of the blood is the cause of the increased lymph-flow, the 
injection into a dog of a large amount of blood altered by peptone, but 
containing little or none of this body, should produce a flow of lymph 
similar to that brought about by the direct introduction of peptone. 
Peptone is chosen as an example of the first class, since it is the only 
one whose chemical characters are well defined, and for which we have 
definite chemical tests,—so that it should be easy to ascertain whether 
a given specimen of blood, altered by the injection of peptone, contains 
an appreciable amount of this body or not. Moreover, according to all 
who have worked at this subject, peptone disappears extremely rapidly 
from the blood after its injection, so that we may get blood altered by 
peptone, but containing none of this body. 

We must, in the first place, know the effect that the mere increase 
of the blood in the vascular system of an animal will have on the lymph, 
and, secondly, the result of injecting blood that has been made un- 
coagulable by other means than the administration of peptone or 
leech-extract—as, for example, whipped blood or serum or oxalated 
blood. Since these control experiments are in themselves interesting, 
I quote some of them here. 


1. Effect of transfusing normal blood. 


Two experiments were performed. The carotid artery of one dog, A, 
was connected by means of a glass cannula with the facial vein of a 
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second dog, B. A cannula was placed in the thoracic duct of B, and 
the blood-pressure of B was registered by means of a Htirthle’s 
manometer, connected with a femoral artery. 


Experiment 1. April 26th, 1892. 


Dog A weighs 8,000 grms. Dog B 7,000 grms. 
Lymph from I in every 10 minutes from 10.32 to 11.35 a.m. :— 

4 0.0. 4 0. c. 3°25 0. o. 2°5 o. 
From 11.42 to 11.52 blood allowed to flow from A into B, the artery 
_being held between the finger and thumb, so that the flow of blood could be 
accurately controlled. Care was taken not to let the transfusion take place 
too rapidly, only small amounts of blood being allowed to flow in at a time, 
by releasing the compression on the artery for a second and then closing it 
again. The blood-pressure in B rose slightly. By comparing the weight of 
A before and after experiment, it was calculated that 350 grins. had been 
transfused. Lymph in every 10 minutes after transfusion from 11.52 to 
12.32 :— 

5 c. o. 5 c. o. 4°5 c. o. 4°5 c. o. 


Experiment 2. June lat, 1892. 


A weighs before transfusion 5510 grms. 
A weighs after 2 5260 „ 
The amount of blood transfused therefore = 250 grins. 
B weighs 12-450 grs. 
Lymph from B in each 10 min. from 10.40 to 11 am. 
6 o. o. 5 c. o. 
From 11 to 11.9 blood allowed to flow from A into B. Blood - pressure in 
B rose considerably. 
Lymph from B in every 10 min. from 11.10 to 11.40 :— 
8°5 c. o. 9 c. o. 10 c. o. 


Effect of transfusing defibrinated blood. 

In Experiment 2, at 11.45 a.m. the dog B was bled to 220c.c. The 
blood was whipped and strained. The effect of the bleeding was to 
cause a slight decrease in the lymph. 

Thus in each 10 min. from 11.47 to 12.7, the lymph amounts 
were: 

f] 


From 12.8 to 12.18 pm., the defibrinated Wood was allowed to flow _ 


in again by the facial vein. 
10—2 
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The lymph amounts in each 10 min. from 12.17 to 12.37 were :— 
T5cc, 7˙5 C0. 

Two other experiments with the — of defibrinated dog’s 
blood had similar results. 

If defibrinated blood or serum of another species be introduced, the 
results are not so constant. Five experiments were made with the 
introduction of defibrinated blood (3 cases) and of serum (2 cases) from 
the ox. In three of these experiments a very large increase in the 
lymph-flow was produced ; in two, the effect was minimal and could be 
ascribed to the mere increase in bulk of the circulating fluid. It is 
evident that the ox-serum in some cases may contain a body which acts 
as a lymphagogue, but which is not invariably present. 


3. Introduction of owalated dog’s blood. 


Le., blood that has been received directly into a solution of sodium 
oxalate, so that the whole mixture shall contain 2°/, of the oxalate 
(Arthus). 

Two experiments of this sort were performed. 


Experiment 4. June 20th, 1892. 
Dog. 8-720 grms. 
Lymph—from 10.30 to 10.50 = 3 c.c. 
from 10.50 „ 10.55 = 1 c.c. 
From 10.55 to 11.5, 150 c.. oxalate blood from another dog was slowly 
injected by cannula in facial vein. | 
Lymph—from 11.5 to 11.152 5 C. o. 
from 11.15 „ 11.25 =3°5 ac. 
from 11.25 „ 11.35 = 2°5 c. c. 
from 11.45 „ 11.55 2 C. c. 
From 11.45 to 11.55, 160 ¢.c. more oxalate blood injected. 
from 11.55 to 12.5 =7 cc. 
from 12.5 ,, 12.15=4°5 ac. 
from 12.15 „ 12.25=4 cc. 
from 12.25 „ 12.35 = 3°5 c. o. 


In another experiment (Exp. 5, June 30, 1892) the lymph in the 
10 minutes before the injection of 150.c.c. oxalate blood was 3˙5 c In 
the 10 minutes’ periods afterwards it was :— 
5 cc, 5 c. c. 4˙5 c. c. 
In no case did introduction of dog's defibrinated blood, of normal 
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blood or of oxalate blood alter in any way the coagulability of the 
blood of the receiving animal. 

We see, then, that the effect of increasing the volume of the 
circulating fluid is to cause a slight and transitory increase in the flow 
of lymph. In no case, however, was the lymph-amount after injection 
more than double the previous amount, and of this, part must be 
ascribed to the lymph mechanically squeezed out of the extravascular 
lymph-spaces by the vascular dilatation. 

We may now proceed to the experiments in which the peptonised 
blood was injected into the circulation. 

For convenience of reference, I have arranged them in three tables. 
With regard to the first two classes, in which the peptonised blood was 
injected into a vein (generally the facial) it is necessary to mention 
certain sources of error that may give rise to faulty conclusions from 
experiments, and the importance of which I only recognised after many 
experiments. 

In the first place, the injection must be carried out slowly and 
under low pressure. If the facial vein of one dog be connected with 
the carotid artery of the other, and blood allowed to flow in unchecked, 


the right heart becomes engorged with more blood than it is able to 
expel, and the blood becomes dammed up, causing large rise of pressure 


in the inferior vena cava, with tremendous congestion of the liver, 
accompanied by bloody extravasations round the gall-bladder. 

Heidenhain has shown that obstruction of the inferior vena cava 
gives rise to a large increase of lymph, and I have observed that such 
obstruction as that caused by over-filling of the right heart gives rise to 
a large increase of lymph-flow, the lymph becoming very bloody. In 
one case in which the transfusion was allowed to take place too quickly, 
so that 300c.c. blood were transfused in less than two minutes, the 
lymph looked almost like pure blood. The respiratory distress of the 
animal at the same time betokened the failure of the right heart to 
deal with the mass of blood that was thrown into it. 

Another fallacy may arise from the fact that small clots may form 
in the facial vein at the junction with the cannula and be carried with 
the stream of injected blood into the inferior vena cava—there growing 
by accretion, and giving rise to blocking of the lumen of this vessel, 
and a purely mechanical increase of lymph. In one case, a clot had 
been carried into (or formed in) a hepatic vein, giving rise to an 
increased flow of lymph with a large admixture of blood. In all 
experiments, a careful examination was made, p.m., of all the large 
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vessels. These cases in which an increased flow of lymph was evidently 
due to a mechanical block (either enormous venous congestion or clot 
in the inferior vena cava or its branches) are not included in the tables. 

Table I. includes three experiments in which transfusion was effected 
directly from one animal to another. 

The carotid artery of one dog, A, was connected by a glass cannula, 
filled with normal salt solution, with the facial vein of another dog, B. 
The blood-pressure in B was registered by means of a manometer 
connected with one femoral artery, and the other femoral artery had a 
cannula for taking specimens of blood. A cannula was placed in the 
thoracic duct of B. 

Peptone (0°5 grams. pro kilo.) was then injected into a femoral vein 
of A, and at a varying period after the injection blood was allowed to 
flow from A into B by releasing the clamp on the carotid A. I quote 
Experiment 2, because at the p.m. no mechanical blockage or excessive 
congestion of the liver could be found. The fact, however, that the 
lymph was very bloody immediately after the transfusion gives grounds 
for suspecting that here also a certain amount of damming up of the 
blood in the vena cava took place owing to the over-filling of the right 
heart. Of the other two experiments, in No. 1 there was no increase 
and in No. 3 the increase was not very pronounced, being from 1 to 2°5. 
No. 1 is worthy of attention since, owing to the cannula being too 
narrow at first, very little blood passed from A into B until it was 
changed, so that the chief transfusion occurred twenty minutes after 
the injection of peptone into A. There was no doubt here that the 
blood was still altered by the peptone since the blood both in A and B 
was found to be uncoagulable after the transfusion and yet this altera- 
tion in the blood was not accompanied by any increased flow of lymph. 

In six experiments (Table II.) the dog A was bled at varying 
periods, two to eleven minutes after the peptone injection, and the 
blood obtained was allowed to flow from a graduated burette into the 
facial vein of B. Here, as in the first series, the same precautions as to 
slowness of transfusion, &c., must be taken. It will be seen that in all 
these cases the lymph was increased after the transfusion, although in 
four of them, this increase was only threefold. In No. 6, the increase 
was tenfold and in No. 9 fivefold, and so approximated that brought 
forth by the injection of peptone itself. It is worthy of note, however, 
that in both these cases the peptone had failed in effecting an appreciable 
alteration in the blood from A since in both these cases the blood from 
A clotted within twenty minutes after leaving the vessels. 
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Thus, out of these 14 experiments, there are only three cases 
(Exp. 2, 6 and 9) in which the increase in the flow of lymph was more 
than threefold, and of these, as above mentioned, No. 2 is dubious on 
account of the large amount of blood that appeared in the lymph after 
transfusion. In the two other cases, Nos. 6 and 9, the increased 
lymph-flow was brought about by the injection of blood that was 
upparently unaltered by the peptone injection, since it clotted shortly 
after leaving the vessels. 

Heidenhain has shown that small doses of peptone may produce 
a large increase in the flow of lymph, if injected into the thoracic aorta, 
so that it is carried by the blood directly into the capillaries of the 


portal area. It was to be expected that if peptone blood,—that is to 


say, the altered blood and not peptone itself—were the real stimulus 
for the secretory activity of the endothelial cells, the injection of such 


blood into the aorta should have a greater effect on the lymph- flow 
than injection into a vein. At the same time, we avoid by this mode 


of experimenting, the dangers of creating artificial mechanical hindrances 
to the flow of blood, that are present when we transfuse into a vein. 

Table III. gives the results on the lymph-flow of injecting peptone 
blood into the arterial system or aorta. In these five experiments, 
which may be regarded as perfectly free from mechanical complications, 
the greatest increase in the flow of lymph was threefold, in one experi- 
ment. In two other experiments the lymph-flow was doubled, and in 
two not materially altered. In Exp. 15, in which there was no increase 
in the flow of lymph, not only was the blood from A altered by the 
peptone injection, but it had also the power of altering the blood in B 
and rendering this too uncoagulable. 

We see then, that in the above series of experiments the transfusion 
of the peptonised blood of dog A into dog B gave rise in two cases 
(6 and 9) to a very considerable increase in the lymph-flow. In most 
of the other cases, a moderate increase was observed, which, however, 
was greater than the increase brought about by injection of the same 
bulk of normal blood, or of defibrinated or oxalated blood. 

The question arises then, whether this increase is dependent on the 


changed condition of the blood from the dog A, or whether perhaps 


enough peptone was still present in the transfused blood to give rise to 
the increase observed. 

The first possibility, however, seems to be negatived by the fact 
that in the two cases 6 and 9, in which a great increase in the flow of 


lymph was produced, the transfused blood happened to be unaltered by 
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the peptone injection, and clotted in the cannula before the injection 
was quite finished. These two cases must be evidently put in the 
category of dogs which are immune to peptone, at any rate in ordinary 
doses. Fano’ found that in 6°/, of his dogs, peptone had no power to 
destroy the coagulability of the blood. 

I may mention here too, that I have observed in some cases, after 
peptone injections, a large increase in the flow of lymph, although the 
blood, drawn immediately after the injection, clotted as soon or sooner 
than normal blood. | 

One experiment, in which gradually increasing amounts of peptone 
were injected, shows well this independence between the increased 
lymph-flow and the alteration in the blood. A dog weighing 9 kilos, 
was injected at intervals of about half-an-hour with 3 centigrams, 
14 centigrams, 28 centigrams, 1 gram, and 5 grams peptone. The 
first four injections produced very little effect, either on lymph or blood. 


After the last injection of 5 grams, the lymph-flow was increased six- 


fold; the blood, however, that was drawn off directly after the injection 
clotted within four minutes, so that the blood did not lose its coagula- 
bility, although the lymph was markedly increased. 

These facts certainly argue against the possibility that the loss of 
coagulability of the blood, in consequence of peptone injection, has 
anything to do with the increased lymph-flow which is at the same time 


called forth, and incline one to think that the lymphagogue action of 
the blood from the dog A may be due to a certain amount of peptone 
still present in this blood. 


Certainly, all authorities are agreed that peptone disappears with 
extreme rapidity from the blood after injection, so that the amount 
present in the transfused blood can have only been extremely small. 

I have, however, observed that a certain number of dogs are ex- 
tremely sensitive to the action of peptone, so that very minute doses 
in them produce an effect on the lymph stream comparable with that 
produced in them normally by an injection of 0˙3 to 0°5 grams pro 
kilo. 

The following experiment affords a striking example of this abnormal 
susceptibility. 


June 23. In a dog weighing 13 kilos, the amount of lymph in 10 
minutes from 10.45 to 10.55 am. was 15 c. c. 


A solution of 2 decigrms. peptone in 20 c.c. normal saline solution was 


1 Du Bois’ Archiv, 1881. 
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then allowed to flow as slowly as possible into the facial vein. The injection 
lasted from 11.1 to 11.7. At 11.6 there was a sudden fall of blood-pressure, 
just as one observes in ordinary dogs after injection of the normal amount 
—0°3 grms. per kilo. At the same time, the lymph was enormously increased, 
so that from 11.7 to 11.11, 10 c.c. were obtained, or sixteen times the amount 
obtained in the same period before the injection. The specimen of blood that 
was drawn off after the injection was still fluid at 4 p.m. on the same day. 
This result is clearly anomalous, but it serves to show that just as there are 
dogs which are very little affected by large doses of peptone, so there are 
others extremely sensitive to minate doses of this substance. It is possible 
that the dogs in Experiments 6, and 9, in which peptone-blood produced a 
large increase in the lymph, were also more than normally sensitive to the 
influence of small doses of peptone. 


In other experiments, in which small doses of peptone were injected 
a slight increase was brought about. In one experiment, on June 25th, 
one decigram was injected into a dog weighing 6 kilos. The amount 
of lymph in the ten minutes before the injection was 1˙5 cc. In the 
ten minutes after the injection, the amount was 5 ce. After another 
forty minutes when the amount in ten minutes had sunk to 3 cc. 
5 decigrams more peptone were injected. In the next ten minutes 
aftef the injection 9 c.c. of lymph were obtained. In another experi- 
ment, injection of 150 c.c. defibrinated blood, to which 1°5 decigrams 


peptone had been added, raised the lymph-amount in ten minutes from 


3 c.c. to 7 cc. The increase thus produced is about equal to that 


obtained in the majority of my experiments after transfusion of peptone- 
blood and the question at once arises whether the blood of the dog 4 


contained amounts of peptone equal to those injected in the two 
experiments I have just mentioned. In my earlier experiments the 
method of detecting peptone that I adopted, inclined me to agree with 
Fano, since I found the blood nearly always free from peptone. In 
these experiments two methods of testing for peptone were employed, 
similar to those used by Neumeister and Shore. 

Method I. The blood was received into an equal volume of saturated 
solution of ammonium sulphate. The mixture was saturated by rubbing 
in a mortar with ammonium sulphate crystals, filtered, and the clear 
filtrate tested for peptone according to Neumeister’s method. I found 
by control experiments that I could not detect less than 03°/, peptone 
in the blood by this method, that is to say, I obtained a very faint 
biuret reaction, in the filtrate, if I had dissolved in the blood 03 / of 
Griibler’s peptone. The specimen of Grübler's peptone that I used 
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contained a fair amount of albumoses, so that the strength of the biuret 
reaction obtained in the ammonium sulphate filtrate could only be 
regarded as an index of the total amount of Griibler’s peptone’ present, 
and not as representing the actual amount of this latter. 

Method II. The blood was centrifugalised and the plasma or serum 
saturated with ammonium sulphate crystals and filtered. Control 
experiments showed that a biuret reaction could be obtained in the 
filtrate, if 0°06 / Grübler's peptone had been added to the blood. 

It is evident that in the earlier experiments, when Method I. was 
employed and no peptone found in the blood, we might still have 
injected with the 150 c. blood 45 decigrams of peptone; and as a 
matter of fact, as will be seen in the second part of this paper, the 
application of another method for the separation of peptones and 
albumoses from the blood enables us to prove its presence in the blood 
a considerable time after its injection (1 to 2 hours) and that the 
disappearance of peptone from the blood is not nearly so rapid as has 
been generally supposed. 

I have thus been able to show that the peptone still present in the 
blood from the dog A, ten or fifteen minutes after the injection of 
this substance, is quite sufficient to account for any lymphagogic * 
the transfused blood may exert on the dog B. 

We must conclude that the peptone exercises an excitatory effect on 
the endothelial cells, causing an increased flow of lymph, as Heiden- 
hain suggested, and this increased flow is in no way conditioned by the 
change in the blood that is simultaneously effected by the injection of 
peptone. 

I think my experiments tend also to show that the change in the 
coagulability of the blood is not dependent on the effect of the peptone 
on the endothelial cells of the blood vessels, at any rate, on their 
lymph-producing functions. The injection of peptone may act on the 
endothelial cells and increase the flow of lymph, or on the blood and 
destroy its spontaneous coagulability. These results are, however, 
independent, and do not necessarily occur together. 
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II. ON THE FATE OF PEPTONE IN THE BLOOD AND LYMPH. 


It was shown by Shore’ that peptone shortly after its introduction 
into the blood, appeared in the lymph. As we have seen above that 
the increased lymph-flow is conditioned directly by the presence of 
peptone in the blood and not on any change in the blood brought about 
by the injection of peptone, it becomes interesting to enquire into the 


relative amounts of. peptone in the blood and lymph at varying times 


after the injection. Heidenhain“ has shown that after injection of 
sugar or salt, these bodies leave the blood and are transferred by the 
selective activity of the endothelial cells of the blood vessels into the 


lymph, so that finally the latter contains more sugar or salt than the 


blood itself. It seemed possible that this might be also the case with 
peptone. The questions to decide, therefore, were 

(a) How long, after the injection of peptone into the vein, can this 

body be still detected in the blood ? 

(6) How soon does it appear in the lymph, and what are the 

relative amounts of peptone in blood and lymph respectively, 
| at definite time intervals after the injection. 

Plosz and Gyergyai’ stated that they could detect peptone in the 
blood three hours after its injection. They also professed to find 
peptone in considerable quantities in the blood of the portal vein, 
during digestion and looked upon the liver as the chief seat of the 
regeneration of peptone. These authors, however, merely acidified and 
boiled to get rid of the coagulable proteids, before applying the biuret 
test—a method calculated to show the presence of peptone in the most 
innocent of fluids. 

Schmidt-Mulheim‘ showed that after injection of peptone into 
the jugular vein, it could no longer be detected in the blood after 
a lapse! of fifteen minutes. 

In one of his experiments (17) 63 grams peptone were * into 
a dog of 28 kilos. 
Blood before injection contained no peptone. 
„ 2 minutes after 5 0°115 % peptone. 
5 no peptone. 


1 Shore. On the Fate of Peptone, &. Journal of Phys. XI. p. 528. 

2 Heidenhain. Zur Frage der Lymphbildung.” Pfliiger’s Archiv, Bd. xurx. 1891. 
Plosz and Gyergyai. Pftiiger’s Archiv, x. 586. 

4 Schmidt-Mulheim. Du Bois’ Archiv, 1880, p. 33. 
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| 2 another experiment (18) 5 grams were injected into a dog of 
9 kilos. 
Blood 1 minute later contained 0°067 / peptone. 
” 5 ” ” ” 0°015 0 0 ” 
„ 16 „ * ‘ no peptone. 

On investigating the blood of digesting animals, he found in one or 
two cases no peptone. In others he obtained the following amounts: 
0°017 % 0022 % ͤ 0°011°/,, 0008 % The determinations were 
made with serum or diluted blood. The proteids were precipitated by 
beating with ferric chloride and sodium acetate, and the filtrate 
evaporated to a small bulk. To this the biuret test was applied the 
coloured fluid thus obtained being diluted until its tint matched that 
obtained with a standard (1 in 3000) solution of peptone. 

He ascribed the rapid disappearance of peptone from the blood after 
injection to some change effected by the blood itself. 

Hofmeister’ using essentially similar methods, confirmed Schmidt- 
Mulheim’s statements as to the rapid disappearance of peptone from 
the blood. In two of his experiments in which large amounts of 
peptone were injected, no peptone could be found in the blood fifteen 
minutes after the end of the injection. He ascribes the disappearance, 
however, not to a combination taking place in the blood, but to a rapid 
turning out of the peptone into the tissues, and shows that a very large 
amount of this body is heaped up in the kidney. In one case he was 


able from the kidneys alone to recover 6°/, of the amount of peptone 


injected. 

Fano“ continuing Schmidt-Mulheim’s experiments and using 
the same methods, finds a still more rapid disappearance of peptone. 

In two experiments in which 03 grams per kilo were injected as 
quickly as possible, the peptone had totally disappeared from the blood 
drawn 30 seconds after the injection. In another experiment peptone 
could be still found one minute after the injection, but had quite 
disappeared five minutes later. He inclines to Schmidt-Mulheim’s 


explanation of this rapid disappearance, namely, that the peptone enters 


into some sort of combination in the blood. 


Neumeister“ pointed out that the methods used by Hofmeister 


1 Hofmeister. “Ueber das Schicksal des Peptons im Blute.“ Zeitschr. f. phys. 
Chem. 1881, p. 127. 


* Fano. Das Verhalten des Peptons und Tryptons gegen Blut und Lymphe. Du 
Bois’ Archiv, 1881, p. 272. 


* Neumeister. “Ueb. die Einführung der Albumosen und Peptone in den Orga- 
nismus.“ Zeitschr. f. Biol. Xxxv. p. 272. 
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and Schmidt-Mulheim were open to the objection that in the 
boiling with dilute acid, a certain amount of primary albumoses might 
be formed, and so render the test for peptone worthless. He showed 
that the blood of digesting animals was quite free from peptone or 
albumoses, so that the positive results of earlier observers were due to 
an error in the methods employed. 

In order to detect peptone in blood, Neumeister used ammonium 
sulphate to precipitate all coagulable proteids and filtered. The filtrate 
was treated with an equal bulk of saturated caustic potash, the precipi- 
tate of potassium sulphate filtered off, and a drop of 2% copper sulphate 
added to the filtrate. By this method he was able to detect 002 % 
peptone in solution. This method is, however, open to several objections 

In the first place all the primary albumoses are precipitated by 
saturation with ammonium sulphate, so that when the liquid contains 
Griibler’s peptone, only a certain percentage is present in the filtrate to 
give the reaction. 

Secondly, the delicacy of the test is materially affected by the amount 
of coagulable proteid present. The very thick flocculent precipitate 
produced by ammonium sulphate carries down with it mechanically 
a large amount of peptone, just as is the case with animal charcoal. 
Thus in a watery solution it was easy to show by Neumeister’s 
method, the presence of peptone in a fluid which only contained 0°02 % 
of the specimen of Griibler’s peptone’ I employed. 

If plasma or serum were used instead of water to dissolve the 
“peptone,” not less than 0°06 % could be detected, and if defibrinated 
blood were used, the limits of the reaction were reached at 0˙3 %, 
Moreover I did not find that one could get much further by concen- 
trating the filtrate from the ammonium sulphate precipitate. The 
fluid soon becomes a dense mass of crystals, from which only a few 
drops of fluid can be obtained, and it seemed probable that the peptone 
present must adhere to the crystals, since the concentrated filtrate 
appeared to contain no more peptone than the same fluid before 
concentration. 

Thirdly, the time involved is considerable, owing to the time 
required to saturate the solution with the salt, and the slowness with 
which the fluid, free from proteids, passes through the filter paper. 


1 may mention that Grübler's peptone is not an invariably constant preparation. 
Throughout these experiments I used the same specimen of peptone. This gave a distinct 
precipitate on saturation with ammonium sulphate, and contained a fair amount of albu- 
moses. 
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It was necessary then to find some method of precipitating the 
coagulable proteids in blood which should fulfil the following con- 
ditions :— 

(1) The separation must take place in the cold, in order to avoid 

the possible production of primary albumoses. 

(2) The precipitate must be fine, so that it does not carry down 

peptones with it, and must be easily separable by filtration. 

(3) The filtrate must be such as to admit of concentration by 

evaporation, and must at the same time allow of the imme- 
diate application of the biuret test, 

These conditions are all fulfilled by the use of trichloracetic acid. 
This substance was recommended by Raabe“ and by Kowalewsky’ as 
a delicate test for proteids in urine. Obermayer“ showed that this 
acid might be used to precipitate the total proteids present in milk, 
urine, exudations, &c. According to this author, trichloracetic acid 
produced a precipitate in a concentrated solution of peptone, which was 
easily soluble in excess of the reagent. 

Fraenkel‘ has recently used trichloracetic acid in 3°/, solution, to 
extract glycogen from the liver. He states that. the glycogen obtained 
by this method is perfectly free from proteids. I have found that 
trichloracetic acid produces no precipitate whatever in a 1°/, solution of 
Grübler's peptone. On the other hand it effects a nearly complete 
separation of the coagulable proteids in plasma, serum and blood. 

In applying this method, 10 cem. of plasma are treated with the 
bulk of a 10% solution of trichloracetic acid, and the mixture well 
shaken, and then filtered. Filtration takes place extremely quickly, 
and the filtrate is a clear colourless liquid, almost entirely free from 
proteids. It gives none of the reactions for proteids. If concentrated 
to one-fourth its bulk on a water bath, it will then give a slight 
cloudiness with phosphotungstic acid, but the amount of proteid 
present is insufficient to give any reaction with nitric acid, or with the 
xanthoproteic or biuret tests. I have made a number of controls of 
this nature, always with the same result, so that there is no fear that 
any albumose reaction obtained, even after concentration to this extent, 
may be artificial in origin. 


1 Raabe. Zeitschr. f. anal. Chem. XxI. 308. 
2 Kowalewsky. Zeitschr. f. anal. Chem. xxtv. 551, 1885. 
Obermayer. Med. Jahrbiicher, 1888, p. 375—881, and Maly’s Jahresbericht, 1889, 
p- 7. 
* Fraenkel, Pfliiger’s Archiv, Bd. Lu. p. 125, 1892. 


PH. XIV, 11 


q 

1 

* 

y 
J 

4 

8 

4 

—— 

= 


148 E. H. STARLING. 


The biuret test is applied directly to the filtrate and is not 
interfered with at all by the presence of the acid. I have always 
treated 10 Cc. of filtrate with 1 cc. of saturated caustic potash, and 
then added, drop by drop, a very dilute solution of copper sulphate. 
The quantitative determination is carried out by diluting the filtrate 
until the tint produced by the alkali and copper sulphate is exactly the 
same as that produced with a solution of Grübler's peptone of known 
strength. I have generally used the strength recommended by 
Schmidt-Mulheim, viz. 003%. The number of times the filtrate 
must be diluted in order that the tint corresponds to the standard, 
multiplied by 2x 003, gives the percentage amount of “peptone” 
present in the original fluid. 

If a solution of peptone in plasma be made containing 0°06°/,, it 
will be found that the biuret reaction obtained in the filtrate, after 
separation of the coagulable proteids, is very nearly the same as that 
given by the standard solution (it gives actually 04% or 05% , showing 
that the amount of peptone lost by adherence to the precipitate is 
extremely small. 

By this method, with evaporation of the filtrate to one-fourth its 
bulk, it is possible to detect peptone in plasma containing only 005°/,. 

In my actual estimations of peptone in the blood, after it has been 
injected into the veins, I have not found it necessary to concentrate the 
filtrate at all. 

If concentration is necessary, it should not be allowed to go on too 
rapidly at a high temperature. If allowed to proceed too quickly, the 
fluid becomes yellow, and the application of the biuret test is rendered 
very difficult, if not impossible. 

The experiments were carried out as follows: The animals (dogs) 
were anzsthetised with a large dose of morphia, and a mixture of 
chloroform and ether. Cannule were inserted into the thoracic duct, 
or carotid artery, and into a femoral or jugular vein. Then Grübler's 
peptone (O3 or 0°5 grams per kilo) dissolved in about 25 C. warm salt 
solution was allowed to run into the vein. The time taken in the 
injection was about three minutes. At varying intervals after the 
injection, 60 c.c. of blood were drawn from an artery into a centrifuge 
glass. The lymph was collected in different tubes, so that each 
specimen corresponded to a given specimen of blood. (Thus, if blood 
was drawn at 20 minutes after the injection, the lymph that flowed 
from 17 minutes to 23 minutes after the injection was taken.) 

In the afternoon the blood was centrifuged and the plasma (or 
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serum, if the blood had clotted) and lymph were examined for peptone 
in the way I have described. | 

The protocols of 4 experiments of this nature are given at the end 
of the paper. It is evident from these results that the rapidity with 
which peptone disappears from the blood after it has been injected has 
been very much exaggerated. The shortest time at which I have 
found total disappearance of the peptone injected was 50 minutes after 
the injection (Exp. 2). In Exp. 4, the blood-plasma still contained 
04% peptone 70 minutes after the injection. Ten minutes after the 
injection, at which time, according to Fano, all the peptone should 
have disappeared, the blood still contained in Exp. 1, 3, 4, 0°2°/,, 036%, 
and 0°21°/,. In fact, it cannot be maintained that peptone disappears 
more rapidly from the blood than any other abnormal constituent, or 
than any normal constituent, such as sugar, which has been introduced 
in large quantities. 

The second point on which I wished to obtain information, viz. the 
relative amounts of peptone in blood-plasma and lymph respectively, 
after the injection of peptone into the blood, is illustrated by the tables 
given in Plate V. These represent graphically the amounts of peptone 
in blood and lymph. It will be seen from them that the behaviour of 
peptone after injection is almost exactly analogous with that of sugar. 
Thus in Exp. 3 two minutes after the completion of the injection, the 
plasma contained 48% of peptone and the lymph only 24%. In the 
next 10 minutes, the amount of peptone in the blood falls rapidly, 
while that in the lymph rises, so that 10 minutes after the injection 
the two amounts are the same. After this, both amounts fall gradually, 
the fall in the blood, however, being more rapid than that in the lymph, 
so that 20 minutes after the injection the peptone in the blood and 
lymph is 18 and 30 respectively, and after 50 minutes 10 and 18. 
Here then we have, as it was pointed out by Heidenhain in the case 
of sugar, a passage of a substance from a medium—the plasma contain- 
ing less of it to a medium, the lymph containing more, a process which 
can only be ascribed to an active secretory intervention of the endo- 
thelial cells of the capillary wall. 

In a second series of experiments (protocols 5 to 8) the renal 
vessels and ureters on both sides were ligatured at the commencement 
of the experiment, before the injection of peptone. This operative 
procedure makes a very slight difference in the curves obtained when 
sugar or salt is injected. The amount in the blood of these two bodies 
does not sink so rapidly; hence the lymph-curve does not cut the 


11—2 


¢ 
7 
— 
+ 
4 
7 
* 
d 
* 
* * 
4 


150 E. H. STARLING. 


blood- curve so soon as under normal conditions. The further course of 
the two curves moreover is rather flatter, owing to the same cause. In 
the case of peptone, however, the aspect of the curves obtained is 
completely altered if the kidneys be previously cut out of the circulation. 
It will be noticed that in Exp. 6 and 8, the amount of peptone in the 
lymph does not rise at any time higher than that in the blood - plasma, 
and in Exp. 7, the difference to the credit of the lymph is very small 
indeed. 

An explanation of the difference between these two sets of experi- 
ments is not very easy to give. I thought at first that the variation 
might be due to the fact that the blood was unable to get rid of its 
surplus peptone by the kidneys and therefore the percentage amount of 
this substance in the blood did not fall so rapidly as under normal 
circumstances. This view is at once negatived by a comparison of the 
two sets of curves. It will be seen that in the cases with ligatured 
kidneys it is not the blood-curve but the lymph-curve which is altered. 
The peptone in the blood seems to fall as rapidly as in the first series of 
experiments. 

I think that probably the difference is due to a varying activity of 
the vascular endothelial cells in the several organs of the body. 

Hofmeister has shown that, after the injection of peptone, a large 
accumulation of peptone occurs in the kidney, although no urine 
whatever is secreted. If the kidney tissues become thus loaded with 
peptone the lymph draining away from this organ must also contain a 
large amount of this substance. If this view be correct the large 
preponderance of peptone in the lymph over that in the blood, in 
animals with intact kidneys, is due chiefly to the large secretion of 
peptone by the endothelial cells of the renal capillaries. I hope how- 
ever to investigate this point further. 

It will be seen from my experiments that the loss of coagulability of 
the blood that is produced by the injection of peptone has no connection 
with the amount of peptone present in the plasma. Thus in Exp. 4, 
the blood, 70 minutes after the injection, was uncoagulable, although 
the plasma only contained 04%. On the other hand, in Exp. 6 and 8, 
in which the coagulability of the blood was not affected, the plasmata 
of the blood drawn off two minutes after the injection, contained ‘36 
and 30% of peptone respectively. We may conclude that the varying 
effect of peptone on the coagulability of the blood is not conditioned by 
a varying rapidity of its excretion from the blood. 

It will be noticed that in 3 out of 4 experiments in which the 
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kidney-vessels were ligatured, the coagulability was not affected by the 
peptone. My experiments, however, are not sufficient in number to 
decide whether this deviating result is to be referred to the operation or 
merely to an accidental agglomeration of immune dogs. 


Summary. 


1, When peptone is injected into the circulation of a living animal, 
it disappears gradually and may still be traced in the plasma from one 
to two hours after the injection. 

2. The disappearance is caused in the first place by a transfer of 
peptone from the blood to the lymph, so that shortly after the injection 
the lymph contains more peptone than the blood-plasma itself. This 
transference is effected by the selective activity of the cells of the 
vessel-wall, and it is probable that a preponderating part is played by 
the endothelial cells of the renal capillaries. 

3. There is no connection between the loss of coagulability induced 
by the intravascular injection of peptone and the amount of peptone 
present in the plasma at any given time after the injection. 

My warmest thanks are due to Professor Heidenhain for the 
unwearying kindness and suggestive criticism with which he has helped 
me in this work. 


PROTOCOLS. (Kidneys Free.) 
Exp. I. July 15, 1892. Dog 13 kilos. 
At 10.47 to 10.49—7 grams peptone injected. 


Blood “ minutes later contains — % Lymph 105 5 
” ” ” ” 
99 


Partially 10 „ 008, „ 


joos,, 


Exe. II. July 19, 1892. Dog 104 kilos. 
10.37 to 10.40—5 grams peptone injected. 


30 minutes later 0°06 / Lymph 0°15 % 
60 ” ” ” 0°6 L 
100 » 004 „ 
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Exp. III. July 20, 1892. Dog 12°3 kilos. 
10.57 to 11.0—6 grams peptone injected. 
Blood-plasma After 2 minutes 0-48°/, Lymph 0°24 °/, 
(all unclottable) „ 10 „ O86, ũ ẽ ͤ „ 036 „ 
„ 20 „ O18, „ 
„ 30 ” 0°15 „ ” 0:30 „ 
„ 50 „ 010 „ „ 
Blood itself „ 60 * 0˙04 „ 


Exr. IV. July 21, 1892. Dog 11} kilos. 
10.47 to 10.50 —6 grams peptone injected. 
Blood-plasma (all specimens uncoagulable). 
2 minutes 0°42°/, Lymph 0°12 / 
10 


50 „ 009, „ 015 „ 
% 


PROTOCOLS. (Kidney Vessels ligatured.) 


Exp. V. July 22, 1892. Dog 7 kilos. 
Inj. 3°5 grams. peptone from 10.37 to 10.40. 
Serum after 30 minutes 0·10% All specimens of 
50 „ O06,, blood clotted 
70. „ OO, 
90 * 0-04 ” 
2 hours a trace. 
Exp. VI. July 25, 1892. Dog 88 kilos. 
3 grams peptone injected from 11.12—11.15. 
Blood-serum after 2 minutes 0°36°/, Lymph a trace All specimens 
10 „ 018, „ 012% of lymph and 
30 ” 0-09 ” * 0-09 ” blood clot 
50 %” 0 5 53 
"} 
„ „ 


Exp. VII. July 28, 1892. Dog 8} kilos. 
10.57 to 11.0—4 grams peptone injected. 
Blood-plasma after 2 minutes 0°30°/, Lymph 009°/,° Blood uncoagulable 
20 ” 0-12 „ ” 0-15 ,, 


: 90 mins, (No blood obtainable, dog died)......(6)......0°09 
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Exp. VIII. July 30, 1892. Dog 10 kilos. 
3°5 grams peptone injected. 


Serum 2 minutes 0:30°/, Lymph 0-06 % 


20 ” 0-06 ” ” 
» 
60 „ a trace 
90 „ a trace 


All specimens blood 
012 ,, clotted 
0-06 „ 
0-02 „ 
a trace 
a trace 


DESCRIPTION OF PLATES V. VI. 
Each division of the abscissa represents a time interval of 5 minutes after 


the conclusion of the peptone injection. 


Each division of the ordinates represents 0°05 % of peptone. 
The percentage amount of peptone in the lymph is represented by the thin 


line, that in the blood by the thick line. 


Plate V. Three experiments showing relative amounts of peptone in 
blood and lymph, after injection of peptone into normal dogs. 

Plate VI. Three experiments showing relative amounts of peptone in 
blood and lymph, after injection of peptone into dogs in whom the renal 
vessels and ureters on both sides have been ligatured. 
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THE ACTION OF THE EPIGLOTTIS DURING DEGLU- 
TITION. By A.A. KANTHACK, M. D., M. R C. P., John Lucas 
Walker Student in Pathology, St John's College, Cambridge, AND 
H. K. ANDERSON, M.A, MB., Gonville and Caius College, 
Cambridge, Assistant Demonstrator of Physiology. 


In the Journal of Anatomy and Physiology (January, 1892), Prof. 
Anderson Stuart and Dr McCormick state that during the act 
of swallowing the human epiglottis never folds down like a lid to 
cover the entrance to the larynx. The observations upon which the 
authors relied in this conclusion were made upon a man whose pharynx 
had been permanently laid open by the removal of a carcinomatous 
growth. 

In a later communication read before the Royal Society in Jan. 1892’, 
Prof. Stuart supported this view by deductions from experiments made 
on animals, to which he extended it with some reservations. He says, 
“The behaviour of the distal or apical portion of the epiglottis at this 
stage (of the act of swallowing) is not the same in all animals. In the 
Dog, for instance, the epiglottis is extremely flexible, and comparatively 
short, and is thus easily engaged between the tongue and the larynx. 
In the Dog, therefore, the distal portion of the epiglottis has the 
appearance of closing the laryngeal orifice in the lid-like way usually 
described as general in its application, but how little this is essential is 
at once evident when we remember the little or no inconvenience 
following its complete removal. In animals such as the Goat, which, 
like Man, has the distal portion of the epiglottis long and stiff, quite 
another picture is presented during this stage of the act of swallowing. 
It is only the base of the epiglottis which is engaged between the base 
of the tongue and the larynx; the distal portion does not fold down as 
a lid, but is applied to the most posterior part of the back of the tongue, 


1 Proc. Roy. Soc, Vol. L. p. 323. 
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so that the hollow laryngeal surface of the epiglottis continues back- 
wards the surface over which the bolus glides from the tongue.” 
According to this view the entrance of food into the larynx in both cases 
is prevented by the approximation of the arytenoids and aryteno- 
epiglottidean folds to one another and to the base of the epiglottis, 
aided by contact of the larynx as a whole with the base of the tongue. 
That the epiglottis is not absolutely necessary to control the passage of 
food, and to prevent its escape into the larynx is well known both from 
clinical and experimental observation’, but this fact cannot be used as 
it is by Stuart, for an argument against the lid-like action of the 
epiglottis, which may, as Luschka and Walton state, be an additional 
safeguard. Luschka, moreover, was familiar with the action of the 
arytaeno-epiglottidean folds during swallowing, and distinctly states, 
“that experiment and observation have shown that the closure of 
the ostium pharyngeum laryngis by means of the epiglottis is not 
absolutely necessary, to prevent the escape of food into the air passages, 
since this may also be prevented by means of the approximation of the 
plice ary-epiglottidese and the arytenoid cartilages*.” 

It is especially with the view that the epiglottis does not fold down 


over the larynx during deglutition that the present communication is 
concerned, 


I. Anatomical Observations. 

In order that we might assure ourselves of the normal position of 
the epiglottis in those animals upon which we experimented, we have 
examined the epiglottis and the parts in relation with it (1) by means 
of sagittal frozen sections, (2) by inspection during life, and (3) by 
careful dissections. 

From the results which we give in tabular form below it is seen that 


1 Longet: Traité de Physiologie, Recherches sur les fonctions de l'épiglotte et sur 
Pagent de l’ocelusion de la glotte dans la déglutition, le vomissement et la rumination.” 
Paris, 1841 and 1861; Magendie: Mémoire sur l’usage de l’épiglotte dans la déglutition, 
Paris, 1813; Schiff: Moleschott’s Untersuchungen, 1865, 1x. p. 321; Walton: Journal of 
Physiology, 1878—79, pp. 3083—320; Spicer: British Medical Journal, 1888, March 17; 
and others. 

? Luschka: Der Kehlkopf des Menschen, 1871. It may also be mentioned that Corbett 
(British Medical Journal, 1860, July: On the deglutition of alimentary fluids), Krishaber 
(Comptes rendus, 1865, u. p. 52), and Moritz Schmidt (Deutsches Archiv fiir klinische 
Medicin, 1880, Vol. 26), assume that during the swallowing of fluids the epiglottis does 
not descend, while with the exception of Krishaber they believe that it does so in the act 
of swallowing a firm or solid bolus. Moura (Journal de l’anat. et de la physiol., 1886, XII. 
1. p. 214) asserts that the lower third of the epiglostis is sufficient and necessary to close 
the aditus laryngis in man, though the dog can do even without this. 
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in the animals used we have greatly preponderating evidence that the 
epiglottis is normally intranarial—or more correctly speaking postfaucial 
—in the flexed or slightly extended position of the head. 
| Table showing the frequency of an intranarial position of the epiglottis’. 
| Animal Method of examination | | Bpiglottic | Epiglottis 
(a) Frozen sections 9 8 1 
I. Rabbits (sagittal) 
(adult) | ©) Dissection 4 3 1 
(a) Inspection and 1 1 0 
dissection dur- 
1 on ing operation 
; b) Inspecti and 3 3 0 
(adult) im- 
mediately after 
death 
(a) Frozen section 1 1 0 
III. Goats (sagittal) 
(adult) (5) Inspection and 3 3 0 
dissection 
(a) Frozen sections 2 2 0 
(sagittal). 
1 5) Inspection and 3 3 0 
(e) Inspection dur- 5 5 0 
ing life 


In adult“ rabbits and cats the free margin of the velum palati 
almost touches the base of the tongue, being anterior to the epiglottis, 
so that the cavity of the mouth is completely shut off from the naso- 
pharynx by the velum und epiglottis: we have in fact conditions similar 
to those found in the pig and horse“. In dogs the velum does not 


| In connexion with this subject of. paper by G. B. Howes, Journal of Anat. and 
Physiol., 1889, Vol. 11. N.. p. 263, where also an extensive literature is given. 

N * As Bowles has shown, the position of the epiglottis varies in some animals, e.g. the 
1 pig, with the age of the same. Journal of Anat. and Physiol., 1889, Vol. mz. N. B. p. 606; 
and On Stertor, London, 1891. 
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descend so low, but hides the uppermost part of the epiglottis, the 
margins and the tip of the latter being posterior to the pillars and the 
velum, and thus a perfect partition is formed between the oral and 
nasopharyngeal cavities. The same is true of the goat, the postfaucial 
relation of the epiglottis here being less marked, yet sufficiently distinct 
and easily demonstrable by means of frozen sections. 

If, however, the head of the animal be fully extended upon the neck, 
then the relations of parts in the pharynx are widely disturbed. 

Three adult rabbits were put on the operation-stand under an 
anesthetic, their necks fully extended, and then they were made to 
swallow several times. They were now killed by injection of air into 
the veins, and sagittal sections made through the head and neck while 
frozen: in each of the three the epiglottis was intraoral. We shall 
point out later that full extension of the neck in the goat, dog and cat 
also causes the epiglottis to become intraoral’. 

It is a familiar fact that human beings can only with difficulty 
swallow with an extended neck, and goats, dogs, cats, and rabbits 
always swallow with a flexed neck. Hence before swallowing occurs, 
the head in these animals is placed in that position in which the 
epiglottis becomes intranarial. As the neck is more and more extended 
and the epiglottis thus brought more and more forward towards the 
base of the tongue, so does the difficulty of swallowing increase, until 

with full extension of the neck swallowing is well-nigh an impossibility. 
These observations show the importance of attending to natural 
conditions while performing experiments connected with deglutition on 
animals. This criticism applies equally to the mode of observation 
followed by Stuart“ and Réhti’, who has lately made deglutition the 
subject of a lengthy paper: both these workers operated on animals 
which were fastened on the eee with their necks fully 
extended. 


1 In 1878 Dr Howard (Proc. of Medical Soc. London) recommended forced extension 
of the neck in man as a method of bringing forward the epiglottis during the administra- 
tion of an anssthetic. 

2 We had the privilege of watching a demonstration by Prof. Stuart at the 
Physiological Laboratory, Cambridge. The goat used during the experiment was fixed 
on the stand with an overextended neck, the tongue was pulled out and stretched 
and all the parts in the middle line of the diaphragma oris divided. The laryngeal 
aperture was then inspected through the opening. Under conditions, such as these, 
swallowing must be an impossibility, and safe deductions as to the normal mechanism 
of the various anatomical parts during deglutition cannot be drawn. 

L. Réhti: “Der Schlingact. Sitzungsberichte der Kaiserl. Akad. d. Wissenschaften; 
mathematisch naturwissensch. Classe. C. vit. Abth, iii. p. 361. 
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II. Eaperimental Evidence. 

Method of observation. Our method of operating was as follows: 

The animal having been anzsthetised by chloroform, tracheotomy 
was performed and a mixture of equal parts of alcohol, ether, and 
chloroform given through a tracheotomy tube. An incision was made 
laterally in the neck, and the posterior part of the pharynx opened by 
a longitudinal slit commencing below at the hyoid bone. The move- 
ments of swallowing were evoked by touching the nasopharyux with a 
feather or the mucous membrane of the larynx from below through the 
divided trachea. 

By this method of operating the pillars of the fauces and the soft 
palate were left unharmed. The edges of the opening were gently 
held apart with forceps, great care being taken not to exert any traction 
upon the muscles attached anteriorly to the upper margin of the hyoid 
bone, since such traction was found to bring the epiglottis forward into 
the oral cavity, especially when exerted in a direction at right angles to 
the normal pull of those muscles. In the case of the rabbit very little 
traction sufficed to dislocate the epiglottis from behind the velum and 
soft palate. 

Observations on animals. While the goat is breathing quietly, with 
the head in the fully extended position, the epiglottis is separated by 
nearly half an inch from the soft palate and isin the oral cavity. 
On the attempt to swallow, the pillars of the fauces contract above 
and behind the epiglottis, and appear as though they had no close 
relation with it: the folding down of the epiglottis does not occur. 

When, however, the head is flexed upon the neck the relations of 
the epiglottis to the pillars of the fauces and velum palati are seen to be 
very different. Now during quiet breathing the epiglottis is posterior 
to, and exactly fills up the space between, the posterior pillars of the 
fauces, entirely shutting off the oral from the postoral cavity. If the 
goat breathe heavily, and more markedly if it retch, the epiglottis comes 
forward into the oral cavity, in the same way as it did when the head 
was extended. This is also true of the dog, cat, and rabbit. 

If the epiglottis be dislocated from its normal intranarial position by 
extension of the neck, and the head then flexed and again gently 
extended, the epiglottis is still found to be in front of the velum palati. 
But if, the same procedure being followed, the animal be made to 
swallow, while the head is flexed, then the epiglottis is always found 
to be intranarial on gently extending the head again. Hence, since 
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flexion alone does not reinstate the epiglottis behind the pillars of the 
fauces, it is evident that a backward movement of the epiglottis must 
occur during the act of deglutition. So long as the neck was not 
extended the distal portion of the epiglottis was never seen to, come 
towards the base of the tongue during deglutition: on the contrary, 
early in the act of swallowing the epiglottis was observed to become 
more intranarial owing to the raising of the larynx. On anatomical 
ground, therefore, the folding down of the epiglottis seemed to be a 
necessary precursor of the passage of food over the larynx: but that 
the epiglottis does fold back over the aditus laryngis during deglu- 
tition, we have satisfied ourselves by repeated inspection of its move- 
ments in the goat, dog, cat, and rabbit. We have never failed to see 
the folding down of the epiglottis during deglutition so long as we 
kept the neck flexed. 

Eaperiments on ourselves. We have experimented on ourselves in 
the following manner. The forefinger is passed backwards, until it 
touches the upper margin of the epiglottis, and an attempt is made to 
swallow. If the parts are very sensitive cocain may be used to cause 
a partial local anesthesia. On swallowing the epiglottis leaves the 
tip of the finger, and the posterior pillars of the fauces contract upon 
its sides, the soft palate being pulled upwards and backwards. The 
forefinger is next passed on until the tip of the ungual phalanx is 
inserted between the posterior wall of the pharynx and the upper part 
of the epiglottis, the laryngeal surface of which touches the volar surface 
of the finger, when the act of swallowing occurs, the epiglottis can be 
distinctly felt to slip over the volar surface of the phalanx, and when 
the movements of swallowing have ceased, the epiglottis is found to be 
between the finger and the posterior pharyngeal wall, instead of between 
the finger and the base of the tongue. If the tip of the finger be 
placed against the epiglottis not far from its base, the epiglottis can be 
felt to fold down with the greatest ease over the larynx during degluti- 
tion. It is extremely easy in this manner to convince oneself of the 
lid-like depression of the epiglottis during swallowing. We are con- 
fident that the presence of the finger did not of itself cause or influence 
the movements of the epiglottis observed. 

In the case of one of us these observations could be made without 
the previous use of a cocain gargle, and it was noticed that he could 
touch without discomfort to himself the hollow between the epiglottis 
and the base of the tongue, the anterior surface of the epiglottis, the 
posterior wall of the pharynx, tonsils and anterior surface of the 
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posterior pillars, but violent retching ensued at once when an attempt 
was made to pass the finger over the laryngeal surface of the epiglottis 
or to touch any part in the postnarial cavity. From this alone it 
would seem highly improbable, in the absence of other more direct 
evidence, that the laryngeal surface of the epiglottis should habitually 
be irritated by the bolus gliding over it. 

To apply the distal portion of the epiglottis by means of the finger 
against the base of the tongue requires some effort, and a sense of 
strain is experienced in the larynx when the attempt is made. If 
movements of swallowing be made at the same time, it is very hard 
to retain the epiglottis against the base of the tongue, so strongly 
does it tend to go backwards, and during the time it is retained the 
sense of strain in the larynx is increased. 

If retching occur, while the finger is kept on the epiglottis, the 
latter is felt to come forwards, as in the goat or dog. Also on extending 


‘the neck, the folding back of the epiglottis during deglutition is greatly 


impaired; it remains practically unmoved in a vertical position, but 
certainly does not even then apply itself firmly against the base of 
the tongue. 

These observations made upon ourselves convince us, that the view 
advanced by Prof. Stuart and Dr McCormick is untenable for 
man also. 

Prof. Stuart appeals to laryngoscopy in support of his view. We 
have not made laryngoscopic observations on ourselves, but from the 
evidence which we quote below we cannot but feel that laryngoscopy 
favours the older theory of the lid-like action of the epiglottis'. As to 
the epithelium of the laryngeal surface of the epiglottis; one of us has 
shown that under strictly normal conditions“ this is of the columnar 
ciliated type over the whole area of this surface. At times, however, 
the whole of the epithelium by metaplasia may become squamous, or 
we may have islets of squamous epithelium here and there, distributed 


1 Czermack (Moleschott’s Untersuchungen, 1862, vim. p. 489) and Réhti (loc. cit.) 
by means of autolaryngoscopy, and Passavant (Virchow’s Archiv, 1886, Vol. crv. 
p. 444—489), Moritz Schmidt (loc. cit.) and Réhti (loc. cit.) by means of laryngoscopic 
observations, have distinctly shown, that even under the conditions of a laryngoscopic 
examination the epiglottis acts like a lid during swallowing. Réhti, Passavant and 
Schmidt put Indian ink on the epiglottis, and after deglutition found ink marks on the 
false cords, ary-epiglottic folds and on the arytenoid cartilages, thus proving that the 
epiglottis comes in contact with the mucous membrane of the aditus laryngis and superior 


2A. A. Kanthack, Virchow’s Archiv, Vols. 118, 119 and 120. Studien über die 
Histologie der Larynxschleimhaut.” 


> * 
* 
1 
4 
7 
1 
4 
i 
4 
| 
glottis. 
7 
4 
a 


ACTION OF EPIGLOTTIS. f 161 


in the most irregular mauner among the columnar epithelium. The 
nature of the epithelium on the epiglottis, therefore, can be used as 
evidence rather against Stuart's view. 

Organs resembling taste-buds may be seen in some cases on the 
laryngeal surface of the epiglottis and also on the endolaryngeal mucous 
membrane. One of us“, however, has shown that these are not true 
taste-buds, but consist simply of columnar epithelium moulded in 
such a way as to resemble buds. In foetuses and children, in which no 
metaplasia or pachydermia has taken place, taste-buds are never 
observed on the epiglottis or laryngeal mucosa, although those found 
in the tongue are already well formed by the fourth month of intra- 
uterine life. As Michelson and others have shown, we can no 
doubt taste sweet, bitter and other substances applied to this surface 
of the epiglottis, but the same applies to-the vocal cords and other parts 
of the laryngeal mucous membrane and the nasopharynx. Of this 
one of us has convinced himself on many occasions by experiments 
performed on himself and in conjunction with Dr Rosenberg (Berlin). 
It is therefore certain that though these parts possess to a certain 
extent gustatory powers, nevertheless they do not necessarily exercise 
them under ordinary conditions. 

Conclusion. From anatomical observations, and experiments on 
animals and ourselves, we have come to the conclusion, that in man, 
goats, dogs, cats, and rabbits during deglutition under natural conditions 
the epiglottis descends over the aditus laryngis, closing it after the 
manner of a lid. Réhti’, who has lately also gone over the same 
ground, comes to the same conclusion, as far as man, dogs and rabbits 
are concerned. We find, however, that in his experiments he had 
many failures, i.e. the epiglottis during swallowing remained vertical. 
Thus of 8 rabbits operated on, the epiglottis did not descend in 5. 
This as we have shown is due to the fact, that he fed his animals 
in the supine position with the neck overextended and then made them 
swallow under extremely unnatural conditions. 

The lid-like action of the epiglottis is one of the mechanisms the 
animal possesses to protect the respiratory tract during deglutition: it is 
not absolutely necessary, since besides this mechanism we have also 
(1) the closure of the aditus laryngis and superior glottis in some 
animals, as the goat, and also in man, (2) the closure of the glottis 
proper, (3) the extreme sensitiveness of the laryngeal mucous membrane, 


A. A. Kanthack, loc. cit. loc, cit. 
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(4) stoppage of respiration during deglutition, and lastly (5) in some 
animals the base of the tongue may replace the epiglottis, the aditus 
laryngis being pulled up under the tongue and firmly pressed against 
it’. Like Stuart and Réhti we have convinced ourselves that during 
swallowing the glottis proper is closed, for if after cutting the arytzno- 
epiglottidean folds in the dog, rabbit, cat or goat a tube be fixed into 
the proximal end of the divided trachea and gentle suction applied, 
after the manner described by Stuart, the glottis is found to be tightly 
closed. 

We can therefore see no reason to abandon the view hitherto held 
by most anatomists and physiologists as to the lid-like action of the 
epiglottis, and consider the observations of Prof. Stuart and Dr 
McCormick applicable only to abnormal or pathological conditions. 


1 Cf. S. Meyer (Hermann’s Handbuch, 1881, v. p. 419; Kronecker and Meltzer 


(Du Bois Reymond’s Archiv. 1883, p. 328); Passavant (loc. cit.); Réhti (loc. cit.) and 
others. 
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ON THE MUSCLE-NERVE PHYSIOLOGY OF THE 
CRAYFISH ESPECIALLY WITH REGARD TO INHI- 
BITION. By GUSTAVUS PIOTROWSKI, MD., Docent 
of Physiology in the University of Lemberg. (Pls. VIII. IX. X. 
XI) 


(From the Physiological Laboratory, Cambridge.) 


Since 1845, the year in which the brothers Weber published their 
discovery of the inhibitory action of the vagus nerve on the heart, the 
question of inhibition has been the subject of numerous researches. So 
far the researches have been concerned especially with inhibition in 
central organs, like the spinal cord, or peripheral organs the action of 
which is complicated like the heart, such as the blood vessels, and the 
intestine. Experiments on less complicated organs such as muscle- 
nerve preparations were delayed a long time. The researches already 
made in this direction are very few. Pawlow', demonstrated that the 
closing muscles of anodonta are supplied by two kinds of nerves, the 
motor which produces a contraction of the muscle, and another which 
produces a relaxation, that is inhibition. According to Pawlow these 
phenomena are not dependent on the ganglia, as they appear also by 


direct stimulation of the muscle. 


The study of inhibition in ordinary striated muscle is more difficult. 
Several authors could obtain inhibition in the much used preparation of 
the frog, viz. the gastrocnemius in connection with the nervus ischiadicus 
after artificial creation of tone, but these experiments did not allow the 
detailed phenomena of inhibition to be exactly followed. The pheno- 
mena of inhibition appear in the clearest manner in certain muscles of 
the crayfish. The physiology of the muscles of the crayfish, especially 
of the muscles of the abdomen and of the forceps have been carefully 
studied by Richet*. Among numerous facts he found the curious 


1 Pawlow. Wie die Muschel ihre Schaale öffnet. Pfliiger’s Archiv, xxxvm. 
2 Richet. “Contributions à la physiologie des centres nerveux et des muscles de 
Vécrevisse,” Arch, de physiol. 1879. Physiologie des muscles et des nerfs, 1882, p. 274. 
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phenomenon that by stimulation of the nerve of the claw of the crayfish 
with weak currents opening of the forceps was produced and by strong 
currents the closing of the forceps was produced. He makes the 
following remark. “Une excitation faible fait dilater la pince, alors 
qu’une excitation forte provoque la constriction. On peut se demander 
s'il sagit là de la réponse de tel ou tel muscle à des excitations 
d'intensité appropriée, ou bien d'un phénoméne analogue au phénoméne 
de Weber, c’est-A-dire une augmentation de l'extensibilité du muscle 
por le fait de son excitation. Cette derniére explication me parait plus 
vraisemblable, car je ne comprends pas bien comment, si deux muscles 
antagonistes et d’inégale force sont également excités, on n’observerait 
pas, comme résultat constant, la prédominance du plus fort.” 

A similar fact was observed by Luchsinger“ too, 

This phenomenon was the starting point of the studies of Bieder- 
mann“, which led to our knowledge of the following facts. The forceps 
of the crayfish is acted on by two muscles namely a strong and very 
well developed adductor and a much weaker abductor. If the abductor 
is cut, then stimulation with weak currents causes if there is a well- 
marked tone of the muscle, inhibition of the adductor and the forceps 
opens, while stimulation with strong currents causes contraction of the 
adductor and the forceps closes. If, on the contrary, the adductor is 
cut, stimulation with weak currents causes contraction of the abductor 
and the forceps opens, while stimulation with strong currents causes 
inhibition of the abductor. 

It is very singular that the studies of Biedermann gave no impetus 
to further researches in this direction and as far as I know they have 
not even been repeated. Seeing the importance of the subject I resolved 
to study the innervation of the forceps of the crayfish and especially to 
concern myself with inhibition, but as I obtained in addition several 
facts which I consider not without importance to the comparative 
physiology of muscles and nerves, I shall not limit myself in this paper 
merely to the phenomena of inhibition but shall record also other facts 
observed. 

Anatomical Considerations. 
The forceps of the crayfish is acted on by two muscles, the adductor, 


1 Luchsinger. Zur verschiedenen Erregbarkeit functionell verschiedenen Nerv- 
muskelpriparate.” Pfliger’s Archiv, XXVII. 1882. 

2 Biedermann. “Ueber das elektromotorische Verhalten des Muschelnerven bei 
galvanischer Reizung. Sitzber. d. k. k. Akad. in Wien, 43. Ueber die Innervation der 
Krebsscheere.” Sitzber. d. k. x. Akad, in Wien, 45 u., 47. 
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and the abductor. The adductor is a short, very strong muscle. It 
arises from the base and from the side of the propodite which is 
opposite to that bearing the dactylopodite, and is inserted into the two 
sides of the flat chitinous expansions carried on the inner side of the 
base of the dactylopodite. 

The abductor arises from that side of the propodite, which bears the 
terminal segment and is inserted into a similar expansion carried by 
the outer side of the base of the dactylopodite. On either side of the 
middle of the base of the dactylopodite is a small tooth-like projection 
which fits into a corresponding depression on the propodite, thus 
forming the hinge, about. which the terminal segment moves. When 
the adductor contracts, the forceps closes firmly, when the abductor 
contracts the claw is opened. The mechanical arrangement is that of 
a lever of the first order. 

The fibres of each muscle are entirely separate, and no fibres of 
the one pass into the other. Both muscles are supplied by the nerve 
which runs along the inner side of the appendage. The nerve-fibres are 
non-medullated, and divide in a peculiar manner as described by 
Biedermann. The division of the axiscylinders is dichotomous, at 
least of a large number of them, if not of all. The finest divisions of 
the nerve consist of two axiscylinders which can be traced back to two 
different axiscylinders in the nerve trunk. Each muscle fibre receives 
the endings of both of these terminal axiscylinders. 


No ganglion cells are present in the course of the nerve fibres in the — 


muscle-nerve preparation. 
For further details of the anatomy of the crayfish the reader is 
referred to the excellent and exhaustive work of Huxley’. 


Method. 


The limb is separated from the thorax and then two small apertures 
are at once made with a needle usually in the meropodite but some- 
times in the carpopodite, and the electrodes are inserted into these 
holes, I have always stimulated the nerve in situ. This plan is 
perhaps not very exact but is the only one available, for as Bieder- 
mann has shown the nerves when exposed and dissected out, cease 
to be irritable. I have myself often observed this, and found that in 
summer it was quite impossible to dissect out the nerves with their 

1 Biedermann. Zur Kenntniss der Nerven und Nervendigungen in den querge- 


streiften Muskeln der Wirbellosen.” Sitzber. d. k.k. Akad. in Wien, 46, 1888. 
* Huxley. The Crayfish.” The International Scientific Series, 1889. 
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sensibility unimpaired, and in winter it could only be performed with 
difficulty ; the irritability sank very quickly and in 8-10 min. had quite 
disappeared. 

When the adductor was studied, a small incision was made in the 
propodite just under the outer side of the base of the dactylopodite and 
the tendon of the abductor cut through. When the abductor was 
studied, a portion of the shell of the propodite was broken away from 
the side and the tendon of the adductor divided. The operation is in 
each case very easy and with a little practice all the fibres of either 
muscle can be with certainty divided, without any appreciable injury to 
the preparation, and with only a very small opening in the shell. The 
forceps is then supported by a clamp fixed to the non-moving arm, so 
that the moving arm is placed either upwards or downwards, When 
the adductor was experimented with, the moving-arm is arranged below 
and is connected to a light lever. When the action of the abductor was 
to be registered the moving-arm, which was placed uppermost, carried 
a small rectangular rider from which its movements were transferred 
past the fixed arm to the lever. The lever was weighted to a certain 
amount. The weight was suspended from the lever, exactly under the 
point of attachment of the thread leading from the moving arm. As 
the thread was attached near the tip of the moving arm, the mechanical 
arrangement of the muscle acting on the hase forms a lever in which 
the muscle is acting at a disadvantage, so that a given weight requires 
a much greater effort to raise it, than would have been the case if the 
same weight could have been acted on by a direct pull of the muscle as 
is the case in an ordinary experiment with the gastrocnemius prepara- 
tion of the frog. In some experiments however I have connected the 
tendon of the muscle, that is of the adductor, directly to the lever. To 
accomplish this a portion of the shell was broken away and a small 
hook passed through the tendon. The abductor is too small for this to 
be done. In order to stimulate the adductor muscle directly, small 
holes were made in the shell, and fine platinum electrodes passed in, so 
that one electrode was in contact with the base of the muscle and the 
other near the tendon. Care must be taken that the electrodes are not 
thrust too deeply in, or the muscle is injured and then quickly dies. 
Sometimes I have used non-polarisable electrodes; threads moistened 
with normal salt solution and in connection with the clay of the 
electrodes were passed into the apertures in the shell. Induction 
currents from a Du Bois-Reymond inductorium supplied by two 
Daniell cells were used. In order to obtain a definite number of 
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stimulations in a given time I used the following apparatus, which was 
kindly lent to me by Professor Roy. 

A plate of brass carries a number of platinum wires arranged 
radially across concentric grooves, the wires across each groove being 
equidistant, while the number across the different grooves varies. An 
axis, carrying a horizontal arm, can be rotated at any desired speed, and 
this arm carries a platinum wire which can be arranged over any one of 
the grooves, and on rotation strikes in succession the fixed wires of the 
plate. The fixed plate is put in connection with one pole of the 
battery and the rotating axis, by means of a mercury cut with the 
other. On rotation the primary circuit could be thus made and broken. 

In this way the number of the stimulations could be regulated, but 
in each case there was the closing and opening shock following immedi- 
ately, as the contact with the platinum wire existed only for a very 
short time. In so far as either the closing or the opening shock could 
not be obtained alone the apparatus at my service was not as perfect as 
I could have wished. So that when I speak of a certain number of 
stimulations per second, it must be understood that each was in reality 
a double shock unless the contrary is stated. 

_ I have used the same apparatus with a certain modification to 
obtain a closing of the primary circuit for a definite period of time. 
One wire of the primary circuit was in connection with a mercury cup 
and the other in contact with the revolving stem, so that in rotation a 
platinum wire was brought in contact with the mercury and so closed 
the circuit on entering and opened it again on leaving the mercury. 

It was necessary to study the influence of temperature. For this 
purpose a brass box of double walls was made, so that water of definite 
temperature could be run through the box between the two walls and 
so surround the preparation which was fixed within by a clamp movable 
in all directions, The box was as small as would conveniently surround 
the preparation and was 7 cm. long, 4 em. wide and 7 cm. high. In 
the bottom of the chamber was a slit through which the thread 
attached to the movable arm passed to the lever. 

The forceps only, that is the propodite and dactylopodite, were in 
the chamber, the other segments projected through the one open side of 
the box. After the limb was fixed this open side was closed by a sheot 
of indiarubber membrane, a hole being made in it through which the 
proximal segment passed. The temperature in the chamber was read 
from a thermometer the bulb of which was close to the preparation. 

In some experiments the forceps was surrounded by a coil of small 
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lead tubing, through which water was allowed to flow, and by this the 
temperature could be changed. This latter method is fairly exact, but 
with either apparatus we cannot tell what the exact temperature of the 
muscle is, owing to the conductivity of the shell being not very good. 
The movements of the lever were recorded either with Ludwig's and 
Balzar’s Kymographion or on a drum in rapid rotation by a gas 
engine. For measuring the latent period the tracings were taken by a 
Fick’s pendulum myograph with Helmholtz’s improvement. The 
moment of stimulation was registered by a Cambridge signal or by the 
opening key of the pendulum myograph, and the time was registered 
by a seconds clock and by a tuning fork of 100 or 200 double vibrations 
per second. 


The excitability of the nerves and of the muscles. 


The results obtained by indirect or direct stimulation vary much 
with the time of year, and with the freshness of the animals used, that 
is whether they have been long in confinement or not. 

When the limb is cut off in crayfish which are freshly caught, and 
generally also in all cases in the winter months, there is at first a strong 
closing of the forceps, which is almost immediately followed by a 
maximal opening. If the crayfish have been long in captivity and 
in all cases in the summer months I have never observed this initial 
closing when the limb is cut off. 

When one of the muscles is divided, there is always a strong contrac- 
tion of the antagonistic muscle, that is with fresh crayfish and in the 
winter months. This tone of the remaining muscle lasts some con- 
siderable time, after which it passes away. At this period rhythmical 
contraction and relaxation of the muscle often sets in automatically but 
this is only observed in the cold season. It is moreover more usually 
seen with the small and medium sized crayfish, and not with the very 
large ones, which fact Biedermann has also observed. In summer it 
is very difficult, if not impossible, to-obtain a preparation with well- 
marked tone. | 

The excitability of the muscle was tested in two ways, both by 
determining the minimal effective stimulus and by observing the extent 
of contraction. 

In accordance with previous experimenters, I find that the contrac- 
tion of the abductor is obtained with weaker stimulation than is that of 
the adductor. This also depends on the time of year. In summer in 
fresh animals, the contraction of the adductor occurs even when the 
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distance of the primary and secondary coils is 12 cm., while in winter 
this must be reduced to 10 cm. and on the average to 8 or even 6 cm. 
By increasing the strength of the stimulus, one obtains the same pheno- 
mena as in a frog’s gastrocnemius, viz. a gradual increase in the extent 
of contraction till a maximum is reached, and then stronger stimuli do 
not produce greater contraction. Other phenomena which are obtained 
by gradually increasing the strength of the current will be later on 
described. 


The contraction of the abductor occurs when the distance of secondary 
from primary coil is 18 cm. in summer with fresh crayfish, on the 
average 15 cm., while in winter they need to be as near as 13-12 cm. 
The phenomena obtained by increase of strength of the current are in 
the case of the abductor most interesting. At first as the current is 
increased, the extent of the contraction increases till a maximum is 
reached, and then as the current is further increased the contraction 
gradually becomes less, till there is no contraction at all in spite of 
the strong stimulus. The following are examples: 


Exampte I. 
Distance of secondary _ Extent of contraction as 
from primary coil in cm. recorded on the drum in mm. 
11 13 
10 55 
9 65 
8˙5 63 
8 68 
7˙5 40 


7 22 


6˙5 5 
6 0 
Examp.e II. 
13 15 1 
12 40 
11 55 
105 53 
10 56 
9˙5 60 
9 58 
8˙5 50 
8 48 
75 32 
7 21 
6°5 10 7 
6 0 
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The strength of current at which the contraction fails is a very 
variable one. In summer this may be when the secondary is 8 em. 
from the primary and in winter when the distance is 5 om. and in 
exceptional cases not till this is reduced to 2 cm. The variation in 
this the upper limit of contraction, goes hand in hand with variation in 
the lower limit, so that the distance between these points is in normal 
preparations fairly constant. 

Biedermann recorded the contractions of both muscles simul- 
taneously by connecting the tendon of the adductor directly to a lever, 
and the moving arm with the abductor attached, to another lever. In 
this way he found that between the upper limit (with strong currents) 
of the abductor and the limit of contraction of the adductor there was a 
neutral zone in which neither the abductor or the adductor contracts; 
this limit was from 5 to 1 cm. of coil distance. He found however that 
this zone did not exist in all cases. From my experience of a large num- 
ber of preparations, I was able to compare the excitability of abductors 
with adductors, and from this comparison, my impression was that this 
neutral zone did not exist in normal cases. I decided however to test 
this by direct observation, and used a double myograph (made for me 
by the Cambridge Scientific Instrument Co.) according to the plan 
of Biedermann’s instrument and found that this neutral zone does 
really exist. This discrepancy between the inference from my general 
experiments, and the results of direct observations is due, I think, to 
the exposure from the large opening in the shell which is necessitated 
in the direct experiments with both muscles. I have convinced myself 
that by this operation, even when very carefully performed the excita- 
bility of the muscles is diminished. The cause of this is not a direct 
injury to the muscle, because it also occurs with the abductor which is 
not in any way prepared, but is due rather to the contact with the air and 
the drying of the preparation, by which the irritability. very suddenly 
falls. This cannot be prevented by moistening with normal salt solution 
because this also injures the preparation. When the shell has been 
to a considerable extent opened the abductor suffers more than the 
adductor. In one case where the limits of irritability of the abductor 
were 14 cm. and 8 cm., this fell in a few minutes to 11 cm. and 9 cm. 
so that 2 cm. was the range of excitability. The irritability of the 
adductor falls also, in one case for example I observed a fall from 
13 cm. to 9˙5 cm. in 10 minutes, Thus it appears that a large neutral 
zone is due to the exposure of the muscle consequent on the opening 
of the shell. As the application of cold diminishes the excitability of 
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both muscles, it is probable that a neutral zone also appears due to 


this cause though I have made no direct experiments on this point. 
In the normal muscle it is probable that the neutral zone does not 
exist, and that the upper limit of the abductor at least meets the limit 


é of the adductor. 


Changes of temperature also affect the irritability in a similar way 
to that associated with the time of year. Cold diminishes the irrita- 
bility, so that stronger currents are necessary to obtain a minimal con- 
traction. Warmth increases the irritability to a certain point, beyond 
this point a rise of temperature leads to a fall of irritability, and this 
is more marked than the influence of cold. The exact favourable limit 
of temperature, however, is very difficult to state as one cannot say 
exactly what the temperature of the preparation is—at about 35° the 
irritability usually diminishes, and after the shell is broken away the 
injurious effect of temperature begins at 25° or even less. 

The extent of contraction is less with cold, and greater with warmth 
up to a certain point. The following is an example with the adductor 
in which the limit of minimal contraction is expressed by the distance 
of the secondary from the primary coil and the extent of contractions 
given when this distance was 9 cm., that is with submaximal stimuli. 


Temp. Coil distance. Extent of contraction in mm. 
16° 9°5 30 
10 85 — (with 8 cm. = 22). 

6 7˙2 — (with 7 cm. = 14). 
20 10 485 
25 10 43 


The changes in the curve of contraction at different temperatures 
will be considered later. 

The phenomena by direct excitation of the adductor are the same 
as by indirect stimulation, but, as a rule, weaker currents will suffice to 
give the minimal contraction. This fact shows that the method used 
for stimulating the nerve is not a very favourable one, as the electrodes 
are not brought into exact contract with the nerve, but are merely 
passed through small holes in the shell close to where the nerve runs. 
It must be remembered that when I speak of direct excitation, that the 
nerve endings are still intact in the muscle, for as curari does not para- 
lyse them I had therefore no means at my disposal of eliminating the 
nerve endings. The phenomena observed with the abductor with 
changes of temperature are quite similar, except that we have the 
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effects on the two limits of excitability. With cold, the lower limit 
rises, that is, a stronger stimulus must be applied to evoke contraction, 
and the upper limit is obtained with weaker currents than before, that 
is, the extent between the lower and the upper limits is curtailed at 
both ends. 


of the of temperature on the limite of 


of the abductor. 
Coil distance. 

Temp. Lower Upper 

15° 14 7 

10 12 9 
5 115 9-2 
20 14 75 
30 13°5 75 


By high temperature the lower limit sinks, that is a weaker current 
will suffice to evoke the minimal contraction, while the upper limit 
does not appear to be perceptibly influenced. 

So far we have only considered the strength of the current, we will 
now discuss the effect of the number of stimuli in a given time. The 
effect varies with the time of year. With crayfish which have been 
caught for some time and especially in the summer, the irritability is 
small, and it is necessary to use a fairly rapid number of stimuli per 
second to evoke contraction when the nerve is stimulated. Yet even 
with these crayfish direct stimulation of the muscle with a single open- 
ing shock suffices to cause a weak contraction of the adductor. In 
the winter, on the other hand, a single opening shock is also effective 
when applied to the nerve, and one can often obtain even the maximal 
contraction. 

We will now consider the curve of the contraction of the muscles in 
detail. The curves are in general much longer than those of the frog’s 
gastrocnemius. In a case of the adductor, (Pl. VIII. Fig. 1 a.) with a 
weakly developed tone, the contraction, after a latent period of 0°01 sec. 
began to rise slowly and attained its maximum in 0°08 sec., and then 
began to sink slowly till the relaxation was complete in about 0°5 sec. 
This is a typical case with muscles of weakly-developed tone and with 
crayfish which are not very active. With very active animals one can 
get a maximal contraction, (Fig. 1 b.) even with a toneless preparation 
which does not return to zero even after a long time. If the muscle 
has a well-developed tone, the curve obtained is somewhat different. 
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The most marked difference is in the period of relaxation. After a 
quick and rapid rise, the curve sinks uniformly but very slowly (Fig. 
1 c.) or sinks at first quickly and then much more slowly (Fig. 1 d, 1 e.). 

I have also observed some very interesting phenomena by single 
stimuli applied to the nerve which were observed by Richet by direct 
tetanisation of the muscle, and called by him the secondary wave (onde 
secondaire). With muscles with fairly well-developed tone and a weak 
load, one may see that after relaxation is complete the muscle begins 
to contract again. This secondary wave lasts a fairly long time as is 
seen in Fig. 2, Pl. VIII. These secondary contractions are never seen 
by somewhat high temperatures such as 14°C. Sometimes a single 
induction shock produces a complete contraction which lasts a con- 
siderable time. 

Many circumstances influence the tracings. Low temperature 
lengthens the curves in a marked way, especially the relaxation period. 
By not very low temperature (8°—12° C.), which is favourable for the 
tone of the muscle, as will be later on pointed out, a lasting contraction 
is often produced by a single induction shock of the same strength 
which at a higher temperature (16°C.) produces only a single short 

On the contrary warmth shortens this period considerably. The 
whole course of the contraction is very rapid. The relaxation as well 
as the contraction is rapid, that is within the range of temperature in 
which there is an increase of irritability. With higher temperature, 
with the diminished irritability, the contraction is less and the curve 
obtained is quite different. The curve rises very slowly, but then falls 
rapidly. The details of this condition will be studied fully with tetanic 
stimulation. 

A large load also shortens the period of relaxation. Fatigue 
lengthens the phases of the curve especially the period of relaxation. 

When the nerve is stimulated at regular intervals with induction 
shocks very remarkable phenomena appear. With preparations, with 
but little or no tone, in which a single induction shock fails to give a 
contraction, a series of shocks evokes a weak contraction. We see for 
example in Fig. 3a, Pl. VIII. that by stimulation with two shocks per 
second with a coil distance of 5 cm., a weak contraction resulted at every 
seventh shock with absolute regularity. In Fig. 3 b. with a coil dis- 
tance of 2 em. we see another condition, viz. that the contractions 
resulted at every seventh stimulus, some of the contractions in this 
case being greater than in the former, but the relaxation was not 
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complete, a “contraction-remainder” is seen. We see that the crayfish 
nerve-muscle preparation possesses in a high degree the power of sum- 
mation of stimuli. If the preparation is fairly irritable, with single 
shocks at longer intervals, viz. about 1 per sec., one may see a slight 
increase of tone set in after each stimulus and this increase passes off 
before the next stimulus. The curve exhibits a series of small notches 
(Fig. 3c.). If the shocks are more frequent the passing off of the tone 
between each shock is not complete, and the result is that a lasting 
increase of tone is produced. The curve in this case is one gradually 
rising in steps (Fig. 3 d.). This is an incomplete tetanus, By still more 
frequent stimuli, the curve rises steadily without exhibiting these steps 
(Fig. 3 e.). The tetanus is therefore complete, but with weak stimuli 
not maximal. I have obtained this tetanus in the summer with three 
shocks per second with the adductor, and in winter with two or even 
fewer stimuli per second. 

With the abductor, more frequent stimuli are necessary, viz. in 
summer about 5, and in winter about 3. To obtain a maximal tetanus 
a much more frequent stimulation is necessary. In summer with 
medium currents, with about 6 cm. coil distance about 15 shocks per 
sec. are necessary with the adductor, and in winter about 5 shocks, 
With the abductor about 20 are necessary in the summer, and in the 
winter about 8 with relatively medium currents, the currents being 
much weaker than those necessary with the adductor. The phenomena 
are very dependent on the temperature, As in the cold season, so also 
by artificial cold, a maximal tetanus can be produced by a small 
number of stimuli, while on the ee on warming a large number 
is necessary. 

With weak stimulation, with a Sh which if the shocks were 
strong enough, would produce a maximal tetanus, very interesting phe- 
nomena appear. Fig. 4 a, Pl. IX. shows a series of contractions and 
relaxations, that is a rhythmical tetanus on weak stimulation, which 
passes off during the stimulation. We see however another phenomenon, 
viz, that at the beginning of the stimulation a single twitch occurs, 
followed by the rhythmical tetanus. This is no doubt the “contraction 
initiale which Richet observed with direct stimulation of the muscle. 
Biedermann’ also observed the same phenomenon with muscles 
poisoned with veratrine. With somewhat stronger shocks as in Fig. 
4 b, we have a lasting increase of tone, with rhythmical contraction 
during the stimulation. 

1 Biedermann. Sitzber, d. k. k. Akad. in Wien, 1885, 
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When the number of stimuli is increased, and also the strength 
of the current, a tetanus is produced which sooner or later reaches its 
maximum. This we see in Fig. 4 c. with 30 stimuli per sec. and a coil 
distance of 5 cm. This tetanus increases slowly. With the same rate 
of stimulation, an increase of the current to 4 cm. coil distance, causes 
the tetanus to reach its maximum very quickly (Fig. 4 d.). The same 
is seen with a 3 cm. distance. If the strength is still further increased, 
to 2 em., the tetanus which occurs is a complete tetanus but the curve 
rises slowly, and remains at a level, which corresponds to 3 of a maximal 
tetanus (Fig. 4 e.). With still stronger stimuli, viz. with 1 cm. coil 
distance, the contraction is still weaker (Fig. 4f) and with a coil 
distance zero there is no contraction at all. These phenomena, with 
slight modifications, 1 have seen very often. For example, we see in 
Fig. 5, Pl. IX. that with the same number of stimuli, and with the same 
duration of stimulation, the extent of contraction is far less with 3°5 
and 3 cm. distance than with weaker currents, but with still stronger 
currents, the contraction is again greater. That this phenomenon is not 
directly, or only, dependent on fatigue is shown by the fact that after 
repeated stimulation with strong currents, weaker currents will always 
give a large contraction, I have many times observed this with pre- 
parations exposed to a rather high temperature as in Fig. 6, Pl. IX. when 
at a temperature of 35°, on stimulation at 3 cm. coil distance a much 
greater contraction resulted than with a 2 cm. coil distance, or with a 
distance of 1 cm. and at zero no contraction occurred. This phenomenon 
occurs in whatever order the different strengths of stimuli are sent in, 
and therefore cannot be directly referred to fatigue. I do not believe 
that this phenomenon is identical with the Lücke of Fick", because I 
have only observed it with tetanic stimulation and not with single shocks. 
They are identical with the observations of Wedenski*, who showed 
that in order to obtain a maximal tetanus, not only a certain strength of 
shocks is necessary, but also that a certain relation must exist between 
the number of stimuli and the strength. The most favourable relation 
between these two factors he called “optimum.” When strong stimuli 
out of relation to their number are used (“ pessimum”’) weak tetanus, or 
even no tetanus at all is obtained. I have not studied these phenomena 
in detail but I have observed that with low temperatures in a preparation 


1 Fick. Sitzber. d. k. x. Akad. d. Wiss. in Wien. Bd. 46, 47, 48. Untersuchungen 
über electrische Nervenreizung, 1864. Tiegel. Pfliiger’s Archiv, Bd. XIII. 

* Wedenski. Pfliiger’s Archiv, XXVII. p. 69. Jahresber. ii. d. F. d. Anat. u. Physiol. 
xv. p. 25. 


*. 2 
by 
‘ 
> 
5 
4 

* 


| 


| 
| 
| 


G. PlOTRONSKI. 


with well-developed tone, that with strong currents a fewer number 
of stimuli will suffice to obtain the optimum than with toneless pre- 
parations, or with high temperatures. 

We will now consider the influence of temperature on the course of 
the contraction. 

If the nerve of a toneless preparation is stimulated for a longer time 
a maximal tetanus is obtained (Fig. 7a, Pl. IX.). This tetanus appears 
between certain large limits of temperature, in this case between 12° 
and 25°. If the preparation is cooled to 10° or to 8°, the same duration 
of stimulation causes not a maximal tetanus, but a contraction of more 
or less extent according to the strength of the current. After the end 
of the stimulation relaxation begins, quickly at first, but soon becoming 
very slow, with the tone very gradually passing away, which gives the 
curve a very drawn out character as shown in Fig. 7 6. Similar curves 
are often obtained, without cooling, in preparations with very well 
developed tone. If the preparation be warmed to about 30° or 35°, the 
contraction is still weaker, and rises slowly, but when the stimulation 
is removed the relaxation is very rapid. This is well seen in Fig. 7 c. 
where on short stimulation no contraction was obtained, while a longer 
stimulation caused a contraction. The form of the curve then in 


these two cases, viz. with the high temperature and with the low 


temperature, is seen to be completely different. 


Latent period. 

We must first decide what we shall consider as the mechanical 
latent period. It is the time between the moment of stimulation and 
the appearance of the first perceptible mechanical change in the muscle. 
This change is in general a shortening of the muscle. 

In these experiments we are concerned with many different con- 
ditions, and we can only speak of a true latent period when we are 
considering a direct stimulation of the muscle with strong currents, a 
condition in which not merely the nerve endings but the muscle fibres 
are directly stimulated. When the contractions are recorded by a 
thread attached to the moving arm of the claw, it is quite possible 
that the action of the joints and ligaments may influence the 
length of the latent period, so that I shall give the length of the 
period for those cases in which the muscle was directly connected with 
the lever. With indirect stimulation, some time will be required for 
the passage of the stimulus through tissues of more or less resistance 
before it reaches the nerve, and then for the passage of the nervous 
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impulse to the muscle, this will naturally lengthen the latent period 
observed. As the latent period was chiefly studied by indirect 
stimulation, these circumstances must be taken into consideration. 

I will first record the latent period of the adductor when its 
contraction is registered by attaching the moving arm of the claw to 
the lever. A long latent period is obtained with crayfish which have 
been long in captivity and especially in the summer. I will give here 
a few measurements of the latent period on tetanic stimulation of the 
adductor in cases in which single shocks failed to evoke a contraction. 


Exampte I. Exampte II 
Coil distance. Latent period. Coil distance. Latent period. 

75cm. 0-110” 6 cm 0-100” 
0-100 5 0-066 

6 0-100 4 0-040 

5 0-055 3 0-035 

4 0-033 2 0°025 

3 0-025 1 0-025 

0-025 
Minimal contraction by Minimal contraction by 
coil distance 7°6 cm. coil distance 6°8 cm 
Exampte III. Exampie IV 
Coil distance. Latent period. Coil distance. Latent period. 
6 cm. 0-050” 9 cm. 0-120” 

5 8 0°100 

4 0-042 

3 0-042 6 0-029 

2 0042 5 0-043 
Minimal contraction with 4 0-043 
coil distance 6-5 cm. 3 0°036 
2 0-042 

Minimal contraction with 
coil distance 10 cm 


Very. large is the difference here between the latent period with 
strong and with weak stimulation. The difference is far greater than 
any observed with frog’s muscle. This circumstance will be considered 
fully later. 

The conditions which affect the latent period in frog’s muscle 
influence also in a similar way the crayfish muscle. For example with 
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| a light load the latent period is short, and with heavier load long. 
Fatigue also lengthens the latent period very markedly. 

| The influence of temperature is of especial interest. A few examples 
| of its effect are given. The strength of stimulus was gradually increased 
| from the weakest which could evoke contraction at the particular 
1 temperature and the following are the latent periods observed. 


I. Exampte II. 
i Latent Latent 
| Temp. distance. period. Temp. distance. period. 
16°C. 13-105cem. 0°052” 18°C. dem. 0-037” 
4g 10-8 0-025 10 5 0-060 
1 7˙5-—/2 0-012 8 5 0-075 
1 8 7 0-087 6 5 0-087 
1 6 0-063 4-5 5 0-087 
3 4-2 0-013 25 5 0-030 
16°-28° 0-010 28 5 0-028 
1 32° 6 0-021 0-060 
| | 4 0-010 
| | Examete III Exampte IV 
14°C 9 om. 0-052” 1. 8&7 0-063” 
1 7-3 0-025 | 5 0-037 
@ 6 7-10 0-081 3 0-035 
a 20 9 0-045 5 6 0-150 


Low temperatures lengthen the latent period especially with weak 
stimuli; with strong stimuli this effect is less evident. 
High temperatures shorten the latent period in the same way as 
they increase the irritability. Beyond a certain limit, further increase 
of temperature leads to a longer latent period, and * temperature 
produces an injurious effect. 

We will consider now the experiments with single induction shocks, 
| both indirect and direct. 
| In the first place we will consider what effect the joint, ligaments 
| etc. have on the latent period when the movement of the arm is regis- 
tered. With this object we have stimulated the muscle directly, first, 
| when its contractions were registered by the movement of the terminal 
) arm and secondly after preparation of the muscle and connection of its 
| tendon directly to the lever. In these two cases the latent period was 
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often the same, in many cases however, it was somewhat longer in the 
second arrangement. This must be no doubt referred to the injurious 
effect of the opening of the shell which in this case is much greater than 
is necessary for the mere division of the antagonistic muscle. The 
further experiments were therefore conducted without thus preparing 
the muscle. 

The following are examples of the change of latent period with 
temperature by indirect stimulation with single induction shocks. 


Coil Latent Coil Latent 
Temp. distance. period. Temp. distance. period. 
14°C. 8-5-7 cm. 0-062” 15°C. 75-6 0-050" 
0-042 5 0-041 
4-5-1 0-035 3 0-038 
6 6-5 0-085 6 5˙5 0-082 
4-5-1 0-050 4 0-051 
25 8-5-7 0050 3 0•045 
50 2 0-046 
30 0-030 


The following were observed with direct stimulation of the muscle 
with single induction shocks. 


Coil Latent Coil Latent 
Temp. distance. period. Temp. distance. period. 
6. 4 em. 0-045” 6° . 3 em. 0°0375" 
10 4 0-040 8 3 0-0175 
16 4 0-015 10-20 3 0-0150 
25 4 0-010 22-25 3 0•0125 
30 4 0-010 26-35 3 0-010 
40 3 0:0275 


The same effect of the temperature which we have recorded with 
tetanic stimulation appears here also. We see for example that the 
latent period with weak stimulation is in general much longer than with 
strong stimulation, and that with cooling it is increased and that this is 
more marked by weak stimulation than by strong. 

If we compare the latent period with indirect stimulation with that 
of direct stimulation we see that the former is much longer. The first 
explanation of this which occurs, is that it is due largely to the 
resistance of the accidentally intervening tissue between the electrodes 
and the nerve, and also to the passage of the impulse along the nerve. 
We must consider that these circumstances have a not unimportant 
influence especially with weak stimulation; but the phenomena ob- 
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served on cooling show that this explanation is not the only one. 


il I will give a few examples in which the same preparation was 
1 stimulated indirectly and directly. Only strong stimuli were used, in 
it order to avoid the phenomena of inhibition as will be explained later. 
| Exampte I. 
Latent period. 
Temp. Difference. 
16°C. 0-010" 0-020” 0-010" 
1 8 0-020 0-050 0-030 
5 0-032 0-080 0-048 
4 
Exampte II. 
1 15°C. 0-015" 0-022" 0-007” 
a 10 0-020 0-032 0-012 


1 We have large differences between the latent period of indirect and 
direct stimulation and these differences are increased by cold. These 
differences are so large that they cannot be due to the resistance 
explained above especially as strong currents were used and that they 
are not due to this resistance, is shown by the effect of cooling. In the 
arrangement for cooling it will be remembered that only the claw is in 
the chamber, and that the rest of the limb is outside this and separated 
| | from it by a rubber membrane, and so the temperature of the nerve is 
1 not changed. If the difference of the latent period is dependent only 
on this resistance and on the conductivity of the nerve it must always 
| remain constant. We should then have expected that in the first 
| example the latent period at 8° would have been 0°020 + 0:010 = 0030, 
but on the contrary it was 0050. At 5° instead of 0:032 0010 0042 
it was 0°080. In the second example we have also at 10° instead of the 
sum +0007 0027 a much larger latent period, 0032. At 4° 
1 instead of 0032 ＋ 0007 = 0039 we have 0˙085. 

| The lengthening therefore must have its origin in the muscle itself, 
i viz. in the nerve endings. There is a certain time necessary for the 
4 nervous impulse to pass from the nerve fibres to the muscle fibres. 
| The lengthening of this time by cold must be considered as the 
1 cause of the large difference observed. It would be of great interest 
to know the velocity of the nervous impulse. I could not unfortun- 
ately estimate it because when the nerve is dissected out it has 
. practically lost its irritability. We have however some facts from the 
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observations of Frédéricq and G. Vander velde', who compared the 
latent period by direct and indirect stimulation of the muscle of the 
claw of the lobster, with the velocity of the nervous impulse, which also 
show that a fairly long time is necessary for the impulse to pass the 
nerve endings. I have not been able to determine what is the time 
required in the crayfish, but I am certain that it is much longer than 
the estimation given by Bernstein’ for frog’s muscle, viz. about 0°003”. 

We will pass now to the consideration of the abductor. In this case, 
as we have already mentioned, we can only stimulate indirectly and 
only tetanic stimulation gives a contraction. The latent period will 
therefore only be considered under these conditions. 


Coil Latent Coil Latent Coil Latent 
ll cm. 00625“ 13 cm. 0°135” 12°5 cm. 0•320% 
10 0-075 12 0°137 12 0-250 

9 00625 11 0˙125 11 0-100 

8˙5 00875 10˙5 0-100 10 0˙250 

8 0˙100 10 0°150 9 0-400 

75 0:250 9°5 0-087 

7 0°3125 9 0060 

6°5 0°7875 8°5 0-060 

8 0-060 
75 
7 0°135 
6˙5 0˙200 


We see that the latent period is larger than with the adductor, 
under the same circumstances. We must however consider the 
variation produced by different strengths of current. With minimal 
stimuli, that is, those close to the lower limit, the latent period is long; 
as the strength is increased, it becomes shorter, and then becomes again 
longer as the strength is still further increased to near the upper limit. 
With sub-maximal stimuli near the upper limit the latent period is 
generally longer than with sub-maximal stimuli near the lower limit. 

The following are examples of the influence of temperature on the 
latent period in the abductor. 


1 Frédéricq and G. Vandervelde. Physiologie des muscles et des nerfs du 
homard.” Bull. de Acad. royale des Belgiques, 1879. Vitesse de transmission de 
Vexcitation motrice dans les nerfs du homard.” Compt. Rend., 41. 

2 Bernstein. Die Erregungszeit der Nervendorgane in den Muskeln.“ v. Du Bois 
Reymond’s Archiv, 1892. 
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Coil Latent Coil \ Latent 
Temp. distance. period. Temp. distance. period. 
18-16° 10 cm. 0-187” 16° 7 em. 0˙185“ 
14 10 0°225 10 7 0°250 
12 10 0312 7 7 0°462 
10 10 0°375 6 7 0-600 
8 10 0°475 20 7 0-200 
6 10 0•600 25 7 0°120 
4 10 0°600 30 7 0°250 
35 7 0°437 


In general we see again the same influences as with adductor, that is, 
lengthening with fall of temperature and shortening with rise till a 
certain limit is reached. 


The phenomena of inhibition. 

As Biedermann has shown, stimulation of the nerve causes not 
only contraction of either muscle, but also under certain circumstances 
relaxation, that is inhibition, of the same muscle. This inhibition is 
only seen in preparations with a well-developed tone. The best time 
of the year is autumn and winter; in summer I have never seen the 
inhibition produced, which depends on the fact that at this time of 
year the muscle has not a sufficient tone. We will now consider under 
what circumstances the inhibition can be produced in the muscles 
respectively. 

As we have seen above, rather strong stimuli are necessary to produce 
contraction of the adductor. If the muscle is stimulated, with stimuli 
weaker than the minimal which produce contraction, a relaxation of the 
tone, that is inhibition, is produced. The lever sinks and a negative 
curve is traced. The current can be further reduced to a certain limit, 
and the inhibition is still produced. The following are four examples of 
the ranges in which inhibition and contraction are produced : 


Coil distance. 
Inhibition. Contraction. 


15-8 cm. 8-0 m. 
14-9 9-0 
12-7°5 
11-6 6-0 


We see that the stimuli which produce inhibition of the adductor 
have two limits, an upper and a lower, as is the case for the con- 
traction of the abductor. The range, in which inhibition of the adductor 
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takes place, and the range in which contraction of the abductor is 
produced appear to coincide. 
Following are the examples with the abductor : 


12-7 cm. 7-0 cm. 
13-6 6-0 
14-9 9-0 
13-8 8-0 


With the abductor the phenomena are just the reverse. If the 
current is increased beyond the upper limit of contraction, a relaxation 
is produced and this is the more easily obtained, the stronger the 
current. The range in which inhibition of the abductor occurs, 
coincides with the range of contraction of the adductor. In neither 
muscle can a definite neutral zone between the contraction range and 
inhibition range be said to exist. The phenomena of inhibition are 
more clearly and more often obtained with the abductor, than with 
the adductor, in which the production of inhibition is capricious. 

The course of the relaxation is to a high degree dependent on the 
strength of the stimulus. As the phenomena are the same in both 
we will consider them together. 

We must first decide what we will call strong, and what weak 
stimuli. Shocks for the adductor which produce weak inhibition 
are those which lie near the lower and upper limits of inhibition and 
these will be called weak stimuli; strong stimuli are those which are 
intermediate between these limits. For the abductor the weak stimuli 
producing inhibition are stronger than those which produce minimal 
tion of the abductor at the upper limit, but these will be called 
nevertheless weak stimuli. 
stimuli give rise to a weak inhibition, which slowly sets in 
and slowly passes off; that is, the muscle returns very slowly to its 
original tone. The two phases are about exactly the same in duration, 
so the curve has a perfectly symmetrical course (Fig. 8 a. ö, Fig. 9 
a. b. o, and Fig. 10 a. b. c, Pl. X.) These phenomena appear at both 
the lower and upper limit of inhibition by the adductor. With strong 
stimuli the inhibition more rapidly sets in, and with stronger still, 
the lever sinks suddenly, and the inhibition passes off rapidly, and 
with preparations with moderately well-developed tone, after the inhi- 


bition has passed off the muscle is left with a markedly increased tone. 
(Fig. 11, Pl. X.) } 


2 
Coil distance. 
Contraction. Inhibition. 
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The most important phenomena however are those evoked by 
border stimuli, that is with those which produce minimal inhibition, and 
those which produce minimal contraction. This can be best explained 
by a definite example. In Fig. 12 we have a fresh and active adductor, 
in which the tone had slowly disappeared, and in which stimulation at 
a coil distance of 13 cm. produced at first a strong contraction followed 
by a lasting increased tone; after about 15 sec. stimulation with the 
same strength of current produced a maximal relaxation. This re- 
laxation stopped while the stimulation was still going on, and gave 
place to a small increase of tone, which, after the stimulation was 
removed, persisted as a slight tone. The nerve was then stimulated at 
a coil distance of 13 cm., and a contraction was produced, which, during 
the stimulation relaxed to the condition immediately before, and the 
muscle remained with a weak tone. 

Similar phenomena are shown with the abductor in Fig. 13, Pl. X. 
Stimulation with 8°5 coil distance produced a contraction and a lasting 
increase of tone after the stimulation ceased, and stimulating then 
with the same strength again, produced a relaxation of this well-marked 
tone. 

The same current will sometimes give a contraction, and some- 
times a relaxation, and this depends on the condition of tone. The 
phenomena produced differ slightly in details. We see, for example, 
with the abductor (Fig. 14 a. b. c, Pl. XI.) in which there was at first 
a well-developed tone, and in which stimulation with a coil distance of 
6 cm. produced a maximal inhibition, that some time later, with a small 
tone, the same stimulation produced soon after the beginning of the 
stimulation only very small waves on the tracing, and these were followed 
by a sudden increase of the tone in two steps, to be again followed 
before the stimulation was over, by a maximal inhibition (Fig. 14 d.). 
After this the tone returned only incompletely. In this condition 
stimulation with the same strength of current produced precisely the 
opposite effects (14 b.). At first contraction took place. (The tracing 
does not unfortunately show how great this contraction was as the lever 
could not rise higher on account of the signal.) This was followed during 
the stimulation by a large relaxation, which, when a considerable re- 
laxation had occurred, showed a tendency to contraction, as the small 
waves indicate. Then stimulation with the same strength, with the 
muscle in a much weaker tone, produced a strong contraction (14 c.), 
which lasted some time after the stimulation was over, and then a slow 
passing off of the tone occurred. Stimulation now with the same 
strength produced a maximal inhibition. 
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Temperature has a marked influence on these phenomena. 

High temperature, which produces a relaxation of tone, entirely does 
away with the possibility of producing inhibition. On the contrary, 
low temperature, which within limits increases the tone, favours the 
production of inhibition. If a muscle with weak tone be stimulated, 
with the strength which produces. contraction, and then cooled, stimu- 
lation produces inhibition and not contraction. This favourable influence 
of cold only lasts to a certain point, viz. to about 8°; if the cooling is 
greater, the inhibition becomes more difficult to obtain. 

Of great interest are the phenomena produced by a prolonged 
stimulation. If the adductor be stimulated, with a medium strength 
which produces a well marked inhibition, that is one near the higher 
limit of inhibition, for a long time as shown in Fig. 15 a, the inhibition 
lasts a certain time, and is then followed by smaller or larger twitches. 
The twitches become stronger and longer contractions, and at length, 
before the stimulation is over, produce a lasting contraction, that is a 
complete return to the previously existing tone. If we compare with this 
the curve in Fig. 4 a. where, with a toneless muscle weak stimuli had 
produced a rhythmical tetanus, we see a complete analogy. In that 
case the rhythmical tetanus passed into a complete relaxation during 
the stimulation, but in this case, we have a relaxation passing rhyth- 
mically into a complete contraction. We can indeed consider this as a 
rhythmical inhibition. 

We see also another similarity between these curves. In Fig. 4a, 
the rhythmical tetanus sets in after an initial contraction, and in this 
case we see that the rhythmical inhibition sets in after an initial 
relaxation. Immediately after the stimulation a sharp relaxation and 
sharp recovery of tone occurred, which phenomenon we may call an 
initial negative contraction, and the curves have in fact quite the same 
course, the one being throughout the negative phase of the other. If we 
use somewhat stronger currents and a lengthy stimulation we obtain 
an inhibition which lasts a longer or shorter time, and then is followed 
by a step-like increase of tone without definite sharp contractions. 
(Fig. 15 6.) 3 


FFF 


So far we have only considered the extent of inhibition and its re- 
lation to stimuli, we will consider now the latent period of its appearance. 
As we already pointed out, inhibition is more easily obtained with the 
abductor, so we will consider first the latent period with this muscle. 
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The following are examples: 

Coil Latent Coil Latent Coil Latent 
distance. period, distance. period. distance. period. 
Inhibition, Inhibition. Inhibition. 

8 cm. 0°130” 4 cm. 0-145” 6 cm, 0°4125” 
5 0-125 3 0˙145 4 0°310 
4 0˙125 Contraction. Contraction. 
Contraction. 5 0˙262 7 0-721 
9 0-250 6 0-200 10 0-082 
10 0-200 7 0-100 
12 0-050 10 0-062 


We see that the latent period of inhibition depends in the same way 
as that of contraction, on the relative strength of stimulation. With 
currents, which produce maximal inhibition the latent period is shorter 
than with those which produce only sub-maximal inhibition. We see 
however another phenomenon. With stimuli near the upper limit, that 
is, those which produce minimal inhibition and those which produce 
minimal contraction, the latent period of minimal inhibition is shorter 
than that of minimal contraction. This phenomenon appeared fairly 
regularly in the experiments. 

We will consider now the adductor. It was found difficult to make 
a large series of experiments, and the phenomena observed were not 
sufficiently regular or constant. I have observed however that in the 
adductor the latent period is shorter than in the abductor under the 
same conditions of relative strengths of stimulation I have also ob- 
served that the latent period of minimal inhibition is shorter than that 
of minimal contraction. Another phenomenon, which is obtained by 
stimulation with single induction shocks, enabled me to go further into 
the details of the latent period. When I used the Fick’s pendulum 
myograph to study the latent period of contraction with single shocks, 
I observed in many cases a fall of the curve immediately before the 
rise, (Figs. 16, 17,18). This appeared so constantly in certain conditions 
that it could not be ascribed to the irregularities of the mechanical 
arrangement as would at first have been thought. Moreover I have 
observed the phenomenon in a former series of experiments. In in- 
vestigations which I have made in a special question of muscle-nerve 
physiology, which will be shortly published in Du Bois Reymond’s 
Archiv under the title “Ueber die Trennung der Erregbarkeit und 
Leitungsfühigkeit der Nerven,“ I have studied the influence of alcohol 


on the velocity of the nervous impulse. A part of the sciatic of the 
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frog introduced into a small chamber was acted on by the vapour of 
alcohol, and then stimulated with single induction shocks, and the con- 
tractions of the gastrocnemius registered on a rapidly moving drum. In 
many cases I observed a fall of the curve immediately before the rise. 
I thought at first that this might be due to accidental oscillation of 
the weight (10 grm.) with which the muscle was loaded, I therefore 
removed the weight, and in its place fixed a caoutchou band which 
exerted on the muscle a slight tension; but this did not prevent the 
initial fall of the curve. Fig. 19, Pl. XI. is an example of this pheno- 
menon in the frog. I have not studied it more in detail. 

The regularity which I have obtained this with crayfish muscle 
excludes a mere accidental occurrence, and compels me to consider this 
fall of the curve as a true relaxation of the muscle. The details of this 
phenomenon are best shown by the two following examples :— 


Coil Latent Coil Latent 
Inhib. Contract. Inhib. Contract. 
10 cm. 0-005” — 10 0•075“% — 
9°5 0-005 00885 9 0°005 00175 
9 00075 0°035 8 0-005 0-0200 
8°5 0°005 0-030 7˙5 0005 00150 
8 — 0˙020 7 0˙005 0°0175 
7 — 0°020 6 — 00100 
Indirect stimulation. Direct stimulation. 
Load = 5 grm. (Fig. 18, Pl. XI.). Load = 10 grm. 
Latent period. 
Load. Coil distance. {nhib. Contract. 
10 grm. 9 cm 0075" 0-025” 
10 8˙5 0°005 0-030 
10 8 0-005 0-025 
10 0-010 0-0275 
25 7°5 — 0•03 
25 8˙5 0°047 
35 8˙5 0˙005 0˙050 
50 8˙5 — 0°052 
5 7 — 0°015 
Direct stimulation. 


Firstly, we see that the preliminary relaxation only appears with 
weak stimulation. I have never seen it with strong stimulation. The 
load has also some influence. The phenomenon appears much more 
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easily with a light load or with no load except the very light lever, 


_ while with very heavy loads it is not seen at all. The phenomenon 


appears best in muscles with a well-developed tone; in completely 
relaxed muscles it is not seen. It appears both by direct and by 
indirect stimulation. 

How shall we explain this preliminary extension ? 

Gad’ experimenting with the muscles of the frog (gracilis with 
semimembranosus) having fixed one end of the preparation and 
attached a weight to the other, recorded the movement of the muscle 
by a lever transfixing the middle, and observed on stimulation near 
the fixed end, a fall of his lever before the rise due to contraction. 
He explained the phenomenon entirely on mechanical grounds. When 
stimulated the upper part of the muscle contracted and so increased 
the tension of the weight which thereby stretched the lower part of 
the muscle which had not yet contracted. Gad’s experiments have 
been called in question by Mendelsohn’, and by Veo“ but repeated 
and corroborated by Nagy von Regeczy* and by Cowl’. In my 
experiments we see at first a great resemblance to Gad’s phenomenon, 
but examined further we see that this is only superficial and that the 
conditions are different and even opposite. In Gad’s experiments the 
muscle was curarised, stimulated with super-maximal stimuli at one 
end only, and heavily loaded, and the lever differently attached to what 
it was in my arrangement. I have stimulated the whole muscle, 
indirectly or directly and at both ends simultaneously and obtained the 
phenomenon but only with weak stimuli, and with a light load. All 
the conditions are therefore the opposite of those in Gad’s experiments. 
Other conditions relating to the muscle which would be favourable 
in Gad’s experiments, viz. considerable length of muscle, and con- 
siderable amount of extensible non-muscular elements are absent or 
at a minimum in my experiments. The crayfish muscle used is very 
short and the chitinous tendon diminishes extremely the extensibility of 
the preparation. 


1 Gad. “ Ueber das Latenzstadium des Muskelelementes und des Gesammtmuskels.” 
Du Bois Reymond’s Arch. 1879. 

2 Mendelsohn. Travaux du laboratoire de M. Marey, tv. 1880. 

3 Yeo. On the normal duration and significancy of the latent period of excitation 
in muscle contraction.” Journal of Physiol. rx. 

Nagy von Regeczy. Die scheinbare Latenzperiode der Erregung bei directer 
Muskelreizung.” Pfliiger’s Archiv, 1888. 

* Cowl. “Ueber das mechanische Latenzstadium des Gesammtmuskels.” Verh. d. 
physiol. Gesel. in Berlin, 26 July, 1889. | 
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Considering these opposite conditions and the fact that I observed 
it with the muscle of the crayfish only when there was a well-developed 
tone, I hold the phenomenon to be an active relaxation, under the 


influence of stimuli, that is an inhibition. I have not studied the 


phenomenon further with frog’s muscle, but the observations of Kaiser“ 
support my opinion. He allowed glycerine to act on a part of the 
sciatic nerve and obtained tetanic contraction. On stimulation of the 
nerve further still from the muscle he obtained an inhibition of this 
tetanus. In my experiments with the gastrocnemius, alcohol vapour 
induced a slight tone, and stimulation did away with it before the 
contraction took place. 

The second circumstance which supports my opinion is that the 
relaxation in the crayfish shows itself only with weak stimuli, which are 
near the limit which will, with tetanic shocks, produce inhibition. To 
make more certain of this point, I decided to investigate whether single 
shocks were able to evoke inhibition alone. My former experiments 
seemed to negative this, as I could never be quite sure of the effect of 


single shocks. I had in those experiments worked with a slowly 


rotating drum, and so it was not possible to observe the finer points. 
Working however with the rapid movement of the Fick’s pendulum 
myograph, I obtained a complete corroboration of my opinion, for with 
subminimal single shocks (for the contraction) I obtained a maximal 
inhibition alone as is shown in the lowest curve of Fig. 18. Stronger 
stimuli evoked at first a minimal relaxation followed by a minimal 
contraction. With still further increase in the stimuli, the relaxation 
was still less evident, while the contraction was of course stronger, until 
at last the contraction alone appeared. The experiments show that 
inhibition can be produced by single shocks. We see also that between 
the range of inhibition and the range of contraction, there is no neutral 
zone, but that one phenomenon meets the other phenomenon, and that 
with a certain strength of stimulus both appear, first the inhibition, 
then the contraction. 


On the action of curare and of atropine. 


Luchsinger and Biedermann have shown that in the crayfish 
curare acts, especially on the central nervous system. I can com- 
pletely support this. On the injection into the thorax of even 3c.c. 
of a 1% solution of curare, the crayfish lies motionless, yet when the 


1 Kaiser. Eine H gserscheinung am Nervmuskelpräparat.“ Zeitschrift für 
Biologie, xxyu1. 1892. 
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appendage was cut off, I could obtain all the phenomena of a normal 
preparation on stimulation of the nerve. On the inhibition phenomena 
I could observe no influence. I can say the same also of atropine. 
I injected 0°007 gr. of atropine sulphate without any appreciable effect 
on the inhibition which could be produced. 


Réswmé and conclusions. 


I will briefly recapitulate the most important points. 

In a muscle, one can, by different strength of stimulation, produce a 
contraction or an inhibition. 

With the adductor the inhibition is produced by currents which 
are stronger than those necessary to produce contraction. 

The range of inhibition of one muscle corresponds fairly exactly 
with the range of contraction of the other muscle. 

The range of inhibition of a muscle passes gradually into the range 
of its contraction, that is, there exist currents of a certain strength that 
can produce either inhibition or contraction, or both. If the muscle be 
without tone, a contraction is produced, if on the other hand, there be 
a well-marked tone, inhibition is produced. All circumstances which 
increase the tone favour the appearance of inhibition. Of these cir- 
cumstances I may mention weak tetanising or single shocks to the 
nerve, groups of induction shocks sent into the muscle, (Biedermann), 
moderate cooling of the muscle, and lastly veratrin (Biedermann). 
Inhibition, though weak, can be produced in the adductor by single 
induction shocks. 

If the single shocks are not weak, first inhibition then contraction 
occurs. If the single shocks are still stronger, contraction only occurs. 

We will now consider the nature of the inhibitory process. Many 
authors consider inhibition dependent on a process taking place in 
the nerve itself, that is, an interference of “nerve impulse wave” in one 
and the same nerve fibre. Kaiser! comes to this opinion in the most 
recent work on this subject. He could also produce an inhibition 
however by direct stimulation of a muscle in glycerine tetanus but, as 
he had only obtained it by weak stimuli, he explained this as due to 
stimulation of the nerve endings. He sought to support this opinion by 
direct observation of the negative variation, but found however, that 
stimulation of the nerve instead of diminishing the negative variation 
due to the glycerine irritation, only increased it. 


1 loc. cit. 
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We have many physiological facts which support the view that 
inhibition depends on muscular phenomena, and that the arena of its 
action is the muscle. I have no right to speak of direct stimulation of 
the crayfish muscle without certain restriction as curari does not paralyse 
the nerve endings. In the experiments of Wedenski' the nerve endings 
were also not excluded. He dried the nerve of a muscle-nerve prepara- 
tion and stimulated the muscle directly, no contraction being produced, 
he then severed the connection of the nerve with the muscle, and 
the same stimulus then produced a contraction. We have seen that 
the inhibition depends in the highest degree on the tone of the 
muscle. This is evident also in Kaiser’s experiments. He observed 
that a stimulus which at one time produced inhibition, at another time 
produced contraction. If we examine his tracings Fig. 2 we see that 
at K the contraction begins when the tone of the muscle has already 
diminished, and that the same stimulus produced before, when the tone 
was good, an inhibition. That a true inhibition takes place in muscle 
we learn from Biedermann’s experiments with veratrin, for the same 
inhibition occurs in a muscle acted on by urari as well as veratrin, as 
occurs in a muscle with veratrin only. 

The histological researches of Biedermann allow us to suppose that 
stimuli which produce inhibition in the muscle, and those which produce 
contraction are conducted by morphologically different nerve fibres. 
This view agrees with that of Gaskell*, who considers that all tissues 
are supplied by two sets of fibres, anabolic and catabolic, which are 
morphologically distinct, and separate in their origin. The phenomena 
of the heart which support Gaskell in this view, have a great resem- 
blance to the phenomena observed in crayfish muscle. 

I think that the phenomena of crayfish muscle can be best explained 
on the theory of Hering“ which was first brought forward for the 
retina and then extended to other tissues. 

We may suppose that in a muscle two processes go on side by side ; 
viz. assimilation and dissimilation (Hering), or anabolism and katabolism 
(Gaskell). 


1 Wedenski. ‘‘De action excitatrice et inhibitoire du nerf en desséchement sur le 
muscle,” Compt. Rend. cxt. 

2 Gaskell. “On the structure, distribution and formation of the nerves etc.” This 
Journal, vm. On the relations between the function, structure, origin and distribution 
of the nerve-fibres.” 

8 Hering. Zur Lehre vom Lichtsinne, 1874. Ueber die specifischen Energieen des 
Nervensystems, 1882, Lotos v. Zur Theorie der Vorgiinge in der lebendigen Substanz,“ 
1888, Lotos v111.—x1. 
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As expression of the assimilation in muscle we have inhibition, and 
as expression of dissimilation we have contraction. In the normal 
condition the tendency is to an equilibrium between these processes. 
As far as these processes go on in a muscle without stimulation from 
without, we speak of them as autonomic assimilation and dissimilation. 
If a stimulus is received from without which increases one of these 
processes, for instance the dissimilation, and this we speak of as 
allonomic dissimilation, there is a tendency for the other process to be 
increased, viz. the autonomic assimilation. 

The tendency to dissimilation, on the contrary, diminishes during the 
stimulation, that is, the property which we usually call irritability, sinks ; 
that is, the property which we shall speak of as the irritability for 
dissimilation diminishes. 

The phenomena of crayfish muscle can be clearly explained in the 
light of Hering’s theory. As we have pointed out, there are stimuli 
which cause both contraction and inhibition, that is, there are stimuli 
for allonomic assimilation and dissimilation. We saw this with single 
shocks to the adductor. The action of the stimulus is determined by 
the relative development of both processes. If the assimilation is the 
more developed, that is, if the muscle is in relaxation, the tendency to 
dissimilation is increased, and the stimulus produces contraction. If on 
the contrary, the dissimilation is the more developed, that is, if the 
muscle is in a tonic condition, the tendency to assimilation is increased, 
and the stimulus produces inhibition. 

We see the same in Biedermann’s experiments with veratrin. 

On this theory we can explain the rhythmical tetanus and the 
rhythmical inhibition. If we stimulate a muscle, in a condition of 
relaxation, that is, of assimilation, with stimuli which can produce both 
conditions, a contraction results, that is, a phase of allonomic dissimi- 
lation. This brings the muscle into a condition of greater tendency to 
assimilation and as the stimulus acts on both processes, further stimu- 
lation develops the assimilation, that is, gives rise to inhibition. This 
alternate increase of the two processes leads to a rhythmical tetanus, 
which lasts until the muscle adapts itself to the stimulus and returns 
to its condition before the stimulation, which in this case was one of 
relaxation. 

The same holds for the rhythmical inhibition. We have in this 
case an alternating action, that is, relaxation followed by contraction, 
-but the initial effect is in the opposite phase. As the stimulus meets 
the muscle in a condition of dissimilation, so relaxation at first takes 
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place. After the adaptation of the muscle to the stimulus, the former 
dissimilation returns and leaves the muscle in the same condition as 
at first, viz. with a maintained tone. With stimuli, which are not able 
to cause contraction directly, the inhibition produced does not during 
prolonged action become rhythmical, but only a step-like, or gradual 
return to the condition of tone takes place. The tendency to dissimila- 
tion increases and the simultaneous fall of the irritability of assimilation, 
and the adaptation to the stimulus, causes the muscle to return to its 
previous condition of tone. 

If the stimuli for assimilation are very strong the tendency to dis- 
similation is simultaneously increased, but this is seen only after the 
cessation of stimulation. 

If the muscle in good condition, fresh and active, but with one 
of the processes greater than the other, for instance assimilation, be 
stimulated by a stimulus which can act on both processes, the effect 
is produced on that process the tendency to which is simultaneously 
increased, viz. in this case dissimilation, and so a contraction is produced. 
With stronger allonomic dissimilation, the tendency to assimilation is 
simultaneously increased, and if the stimulus is a single shock, or a 
tetanic one which does not act long enough to produce diminished 
irritability of dissimilation, there results, after the stimulation a con- 
dition of equilibrium of both processes, which shows itself as a secondary 
wave. 

On this theory we can also explain the initial contraction. An 
explanation which has been offered is that the nerve-endings and the 
muscle are both stimulated and as the irritability of them is not the 
same, the effect on the nerve-endings appears as the initial contraction. 
This hypothesis is untenable for several reasons. It occurs in the 
curarised sartorius with veratrin, and it may be observed, even without 
veratrin, if the muscle is very fresh. This explanation could only be 
offered when the stimulation is a single shock. The phenomenon 
however appears also with tetanic stimulation, by which the nerve- 
endings are continuously stimulated, so that all distinction between 
stimulation of the nerve-endings and of the muscle substance is lost. 
Moreover, when it was obtained in my experiments it was by indirect 
stimulation. This appearance of the initial contraction with tetanic 
stimulation is also in opposition to Griitzner’s’ explanation, viz. that 
the phenomenon depends on the physiological difference between the 


Grützner. Recueil zoologique suisse. “ Zur Anatomie u. Physiologie quergestr. 
Muskeln.“ 
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red or pale muscle fibres present in the same muscle. In the crayfish 
we have no histological data to bring forward in support of such a 
possible explanation. 

I consider the initial contraction as the expression of the first action 
of the stimulus in tending to produce equilibrium. If the stimulus can 
act fairly equally on both processes, the increase of the less developed 
process only occurs at first, and with stronger autonomic assimilation 
there occurs, on stimulation, an increase of dissimilation which shows 
itself by a contraction. If on the other hand, the autonomic dissimi- 
lation is the stronger, an increase of assimilation is produced, and a 
negative twitch is produced, that is, a sudden relaxation and sharp 
return of tone, and then the muscle tends to the equilibrium of both 
processes. If the stimulus is about equal for both processes a positive 
or negative rhythmical tetanus is produced. If it is stronger for one 
process than for the other, there is produced, in this phase an allonomic 
increase of the corresponding process, that is, a following relaxation 
or contraction. The initial contraction whether positive or negative, 
arises from the first effect of the stimulus on the autonomic processes 
exclusively, while the subsequent effect produced arises from the allo- 
nomic conditions induced. 

With strong currents only the allonomic phenomena are evident, 
while with medium stimuli which act on both processes, both autonomic 
and allonomie phenomena are seen. After the separation of the muscle 
from the body the autonomic dissimilation disappears quickly, especially 
with frog’s muscle, and on this account we can only, on stimulation, 
evoke dissimilation. In order to evoke assimilation, we must artificially 
produce the opposite process, viz. dissimilation; as for instance by 
veratrin. 

Whether the phenomenon observed by Wedenski belongs to the 
category of inhibition I am not able to decide, as I have not studied 
this phenomenon in detail. One point appears however to support this 
view, viz. that the pessimum” stimulus has a favourable influence on 
the muscle as is shown by the improvement the stimulus evokes in 
its condition. It is possible that we here have to do with the phe- 
nomenon of latent inhibition which Biedermann observed with the 
galvanic current. 

On the inhibitory phenomena depends the remarkably long latent 
period of contraction which occurs with stimuli near the limit of in- 
hibition. We have seen that the latent period of contraction of the 

abductor is much longer near the upper limit than near the lower limit. 
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With the adductor, with a well-developed tone, we saw that inhibition 
was at first produced before the contraction; with tone: less prepara- 
tions, this inhibition is latent. 

We have already pointed out many resemblances of the phenomena 
of the crayfish muscle-preparation with the phenomena of the heart, and 
I will only add that the electrical phenomena, as observed by Bieder- 
mann in the crayfish, are quite in accordance with those observed by 
Gaskell’ and by Fano? with the heart. 


To enter now into the relation and importance of the results 


obtained by this research to inhibitory phenomena in other parts of the 
animal organism is beyond the scope of this contribution. 
I cannot close this paper without expressing my debt of gratitude 


to Prof. Foster for his kindness and liberality in allowing me to work 


in his laboratory, and to my friend Dr Lewis Shore for translating this 


paper and preparing it for the English press. 


EXPLANATION OF FIGURES (Plates VIII. IX. X. XI.). 


Fig. 1. Various forms of a single contraction by indirect stimulation: 
time, 100 vibrations a second. 
Submaximal contraction of adductor. 
Maximal contraction of adductor. 
Submaximal contraction of adductor with well-developed tone. 
Another example of the same. 
Another example of the same. 


Fig. 2. Contraction of adductor, showing secondary wave. Indirect 


SVP 


stimulation. Single opening shock. Coil distance 5 cm. 


Fig. 3. Adductor stimulated with a series of single induction shocks. 
One shock per second. Ooil distance 5 cm. 

One shock per second. Coil distance 3 cm. 

Another muscle. One shock per second. Coil distance 6 cm. 
3 shocks every 2 seconds. Coil distance 3 cm. 

3 shocks every second. Coil distance 3 cm. 


1 Gaskell. ‘Ueber die elektrischen Veränderungen, welche in dem ruhenden Herz- 
muskel die Reizung des Nervus Vagus begleiten. Beitr. 2. Phys. C. Ludwig gew. 1887. 
‘* The electrical changes in the quiescent cardiac muscle, eto.“ This Journal, vr. On 
the action of Muscarin upon the heart and on the electrical changes in the non-beating 


eardiac muscle.” This Journal, vim. 


* Fano and Fayod. Di alcuni rapporti fra le propprieta courattile e elettriche degli 
atri cardiaci. Mantova 1887. 
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Fig. 4. Adductor; toneless. . 
30 shocks per second. Coil distance 10 cm. 

30 shocks per second. Coil distance 9 cm. 
30 shocks per second. Coil distance 5 cm. 
30 shocks per second, Coil distance 4cm. 
30 shocks per second. Coil distance 2 em. 
30 shocks per second. Coil distance 1 cm. 


Fig. 5. Adductor. Indirect tetanic stimulation. Constant duration 
from 9.5cm. coil distance, by 0·5 em. increments to 0. Temp. 14°. 

Fig. 6. Adductor. Indirect tetanic stimulation. Constant duration. 
Coil distance given on the figure. Temp. 35°. 


Fig. 7. Adductor. Indirect tetanic stimulation. Coil distance 3 cm. 
a. Temperature 15°. 
b. Temperature 8°. 
c. Temperature 32°. Longer stimulation. 


Fig. 8. a. Adductor. Well-marked tone. Indirect tetanic stimulation. 
Coil distance 13 m. Time marked in seconds. 
5. Abductor. Coil distance 9 cm. 


Fig. 9. Adductor. Tetanic stimulation. 
a. Coil distance 16 cm. 
b. Coil distance 13 cm. 
c. Coil distance 10 cm. 
Fig. 10. Abductor, Tetanic stimulation. 
a. Coil distance 10 cm. 
5. Coil distance 7 cm. 
c. Coil distance O cm. 
Fig. 11. Abductor. Tetanic stimulation. Coil distance 0. 
Fig. 12. Adductor. Tetanic stimulation. oil distance 13cm. At 2 
the tracing has been cut and its course for 12 seconds has been taken away. 


Fig. 13. Abductor. Tetanic stimulation. Coil distance 8-5 om. 


Fig. 14. Abductor. Tetanic stimulation. Coil distance 16cm, Temp. 
12°. 


RS HP 


Moderate tone. 
Weaker tone. 
Still weaker tone. 


Fig. 15. Abductor. Long tetanic stimulation. Time marked in seconds. 
Coil distance 6 cm. 
Coil distance 5 cm. 
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Fig. 16. Adductor. Time, 200 vibrations per second. Single opening 
shocks. Indirect stimulation. Coil] distance 6 cm. 


Fig. 17. Adductor. 200 vibrations per second. Single opening 
shocks. Coil distance in lower tracing 6˙5 m., in upper tracing 3 cm. 


Fig. 18. Adductor. 200 vibrations per second. The lowest tracing 
corresponds to the first mentioned in the text. 


Fig. 19. Gastrocnemius of frog. Under the influence of Alcohol. 


Indirect opening shock. Coil distance 16 cm. 
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ACTION OF THE INORGANIC SALTS OF SERUM, 
MILK, GASTRIC JUICE, ETC., UPON THE ISOLATED 
WORKING HEART, WITH REMARKS UPON THE 
CAUSATION OF THE HEART-BEAT. By W. H. 
HOWELL, Ph.D., M.D., Assoc. Proc. of Physiology, Harvard 
Medical School, anv MISS ELIZABETH COOKE, Univ. of 


Michigan. 


THE experiments recorded in this paper grew out of an attempt to 
determine the relative nutritive values of the albumins of serum. As is 
well known an isolated frog’s heart may be kept beating with perfect 
regularity for many hours if supplied with blood serum, although the 
latter may be entirely free from corpuscles. One is accustomed to 
believe that in such experiments the beart beats because it is directly 
nourished by the proteids of the serum, but we hope to show in this 
paper that this belief must be modified, to some extent at least. 

Fully impressed with the immediate nutritive action of the serum, 
we made an effort in the beginning to determine whether this action 
may be obtained with either of the proteids of serum, or as is usually 
believed, whether nutrition is possible only with the serum albumin. 

The experiments undertaken for this purpose gave negative results, 
but they are, perhaps, worthy of a brief description, both for themselves 
and as an explanation of the direction which the work afterwards took. 

We attempted first to prepare pure paraglobulin, and, after dissolving 
it in normal saline made slightly alkaline with potassium or sodium 
hydrate, to determine its nutritive effect upon an isolated heart. 

The paraglobulin was prepared by two methods. In the first 
experiments it was made by saturating serum with MgSO, crystals, 
filtering, washing thoroughly with a saturated solution of MgSO, re- 
dissolving in water and dialyzing against a large bulk of distilled water 
until the paraglobulin was again precipitated. This precipitate was 
then collected, pressed, and redissolved in normal saline made slightly 
alkaline with 1°/, solution of sodium or potassium hydrate. The 
solution so obtained was used to nourish an isolated frog’s heart from 
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which the blood had been removed. The heart was prepared for 
experiment by the following method. The two superior vens cave 
and one aortic arch were ligated, as well as the small vessel lying in the 
frenum. A suitable glass cannula filled with normal saline was inserted 
into the inferior cava to serve as an inflow tube, and a similar cannula 
was placed in the remaining aortic arch to serve as an outflow tube. In 
the later experiments it was found safer to push this cannula through the 
valves so that its mouth should open freely into the cavity of the 
ventricle. After connections had been properly made, the heart was 
thoroughly washed out with a stream of normal saline, and irrigation 
with the saline was continued until the heart had ceased, or nearly 
ceased, to show any signs of contractility. As the liquid which had once 
passed through the heart was thrown away, and as the irrigation was 
continued for half-an-hour or more, it seemed certain that all the blood 
which could be washed out from the heart had been removed. When 
the irrigation was finished the solution of paraglobulin was turned into 
the heart. The solution was kept in a flask provided with a Mariotte's 
tube, so that the pressure, which was not more than from 1 to 2 Ctm. 
water, remained constant throughout the experiment. 

With paraglobulin solutions prepared in the way described, the heart 
could not be made to beat well. When the solution first entered the 
heart the ventricle would shrivel, but in a short time would again relax 
and begin to beat. The contractions, however, were irregular and weak, 
though they sometimes continued for two or three hours or longer. In 
one experiment the heart after beating indifferently for several hours 
with the paraglobulin solution, was washed out with normal saline, and 
was then fed with diluted rabbit's serum, but without effect; normal 
contractions could not be obtained. 

As the solutions of paraglobulin still contained traces of MgSO, 
which may have been responsible for the bad results, it was decided to 
prepare the paraglobulin by the CO, method. Rabbit’s serum diluted 
with ten times its volume of cold distilled water was kept cold by 
surrounding it with ice, and was submitted to the action of a stream of 
CO, until the maximum precipitation of paraglobulin had been obtained. 
The precipitate was then filtered off rapidly, the paper holding the 
precipitate was carefully pressed between folds of filtering paper to 
remove as completely as possible all traces of serum albumin, and the 
precipitate was then redissolved in normal saline solution, made slightly 
alkaline with sodium or potassium hydrate. A bulk of normal saline 
was used equal to twice the volume of the serum originally taken. 
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Solutions of paraglobulin prepared in this manner when fed to a frog’s 
heart, isolated and irrigated in the way previously described, kept it 
beating feebly and irregularly for an hour or two, giving no better 
results than might have been obtained with the alkaline saline solution 
without the paraglobulin. The solution, however, seemed not to injure 
the heart, for the use of serum afterwards made it beat again with force 
and regularity. 

As it seemed clear that paraglobulin prepared by either of the 
above methods was not capable of keeping the heart beating with 
anything like the success attending the use of serum, it was thought 
possible that the failure might be owing to the lack of the proper pro- 
portion of inorganic salts. With this idea in mind, experiments were 
made with a solution of paraglobulin prepared by the CO, method 
and dissolved in Ringer's mixture“, and compared with the action 
of Ringer’s solution alone. It was found that the Ringer’s solution 
worked better without the paraglobulin than with it. In fact the 
solution, as Ringer’s own experiments have shown, keeps the heart 
beating extraordinarily well for many hours. In one of our experiments, 
making use of the whole isolated heart prepared in the way previously 
described, Ringer’s solution kept the heart beating vigorously for more 
than thirty hours although it had first been thoroughly washed out 
with normal saline. | 

In the often quoted paper of Martius“ upon the nourishment of the 
frog’s heart, the statement is made that the heart after thorough irriga- 
tion with normal saline may be made to beat well again for an hour or 
more by feeding it with an alkaline solution of saline (3 to 5 mgrm. of 
Na, CO, to 100 cc. of normal saline), but that after contractions have 


_ ceased with the alkaline solution, the heart is in a perfectly exhausted 


condition, and nothing will revive it except genuinely nutrient liquids, 
that is, liquids containing serum albumin. We found, on the contrary, 
that after exhausting a heart first with normal saline, and next with 
Martius’s solution, the use of Ringer's solution would again revive it 
and keep it beating with vigour and regularity. The action of the 
Ringer’s mixture in this case cannot be explained by supposing that a 
small residuum of blood had remained in the meshes of the heart and was 
afterwards washed out by the circulating liquid and made available for 


1 Ringer’s solution is made by saturating normal saline solutions with calcium phos- 
phate and adding to each 100 C. c. of this mixture 3 0. 0. of a 1% sol. of KCI. 

2 % Die Erschöpfung und Ernährung des Froschherzens.” Du Bois Reymond’s Archiv 
J. Physiol, 1882, p. 548. 
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the heart's nutrition, for the heart had been thoroughly washed out 
before the Ringer’s solution was used, and the latter was constantly 
renewed. It is highly improbable therefore, that even a minute trace 
of albumin should have been left in the circulating liquid; certainly 
none could be detected by any of the proteid tests. It is equally im- 
probable that the heart should have been kept beating for thirty hours 
by that minute portion of the blood which may have escaped the circu- 
lating liquid and remained in the network of the heart’s substance. 

It should be stated in this connection that the beats of a heart fed 
with Ringer’s solution were not so normal as those of a heart supplied 
with serum. The Ringer’s solution, as we made it at least, in the 
beginning of an experiment would often cause the ventricle to shrivel 
and to give incomplete and irregular beats, but after a short time the 
ventricle would relax and beat firmly and regularly, though usually with 
more vigour and at a more rapid rate than in the case of a heart fed 
with serum. Judging from Ringer’s experiments it would seem that 
for the hearts we used his solution contained a slight excess of calcium 
salts; we might possibly have avoided the effect described by varying 
the proportions of the salts. 

At this stage in our experiments it seemed to us evident that before 
any attempt could be made to determine the nutritive value of the 
albumins of serum it was necessary to investigate the action of the 
inorganic salts of the serum, or of the other liquids, lymph, milk, etc., 
which have been believed to nourish the isolated heart. To give an 
account of the experiments made to determine this action constitutes 
the main object of this paper. 


Action of the inorganic salts of blood upon the isolated heart. 


Since we have no means of ascertaining with certainty the quantita- 
tive composition of the salts of serum, it was thought best not to 
attempt the preparation of an artificial solution of these salts, but, 
starting with the serum, to remove all the proteids, and then to test the 
action of the liquid upon the heart. Later in the work an effort was 
made to prepare an artificial mixture containing the blood salts in their 
normal proportions as given in the analyses of Carl Schmidt. It was 
found, however, that a mixture of salts in the proportions given in these 
analyses will not go into solution without mutual precipitation. What 
is left after the precipitate is filtered off, is a solution containing the 
ingredients of Ringer's mixture, about whose action on the heart there 
can be no question. 
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Our usual method of procedure was as follows. To free the serum 
from proteids, a quantity of perfectly clear rabbit's or dog’s serum was 
taken, and was first evaporated to dryness over a water bath. The 
residue was then powdered and subsequently heated for several hours in 
a warm chamber at a temperature below 100°C. Finally the tempera- 
ture was raised to 110°C. and kept at that point for three hours or 
more. To make an experiment with this residue it was first finely 
powdered, and then extracted for a short time with a volume of distilled 
water equal to that of the serum originally taken. The extract was 
filtered off, and diluted by the addition of twice its bulk of normal 
saline. We shall speak of this extract as the solution of the inorganic 
salts of the serum, though of course it contained in addition some of the 
sugar, fats and extractives of the original serum. Concerning the action 
of the fats and extractives as opposed to the action of the salts more 
will be said later. | 

The solution of inorganic salts made in the way described was so far 
free from proteid that no reaction could be obtained with Millon’s 
reagent, though the use of phospho-tungstic acid or potassium mercuric 
iodide, still showed the presence of traces of proteid. Most of our 
experiments were made with such solutions, for it seemed to us im- 
probable that any nutritive action could be effected by quantities of 
proteids so small, more especially as normal saline to which a trace of 
blood has been_added will keep the heart beating no better than saline 
alone. 

Later, to remove all doubt upon this point, the method of prepara- 
tion was so modified as to remove the last trace of proteid. The 
modification consisted in redissolving in water the first residue, after it 
had been heated to 110°C., and again evaporating this solution to dry- 
ness and heating to 110°C. 

The second residue was extracted for experiment in the way described 
above. It was possible by this method to obtain extracts with which 
even phospho-tungstic acid gave no proteid reaction, and as the action 
of these extracts differed in no way from those first used, it seemed fair 
to conclude that the minute traces of proteid in the latter were without 
effect. 

To test the action of these extracts on the heart, this organ was 
first isolated and thoroughly washed out with normal saline. The 
solution of the inorganic salts of serum was then fed to the heart 
under a low but constant pressure. The effect in the best experiments 
was very striking. The heart which had either entirely ceased to 
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beat or was giving very feeble contractions began in a short time to 
show full regular beats. The action of the heart was more normal 
in appearance than with Ringer’s solutions; the beats were not hurried, 
and from the beginning the ventricle showed a normal expansion 
during diastole, while the systole was strong, firm and rhythmic. With 
reference to this last property however, it should be stated that in some 
cases the heart became arhythmic. It would pass from a series of 
rhythmic to a series of arhythmic beats and back again quite abruptly 
and without any apparent change in the external conditions. 

Hearts fed with this solution were usually kept beating from five to 
six hours, a time which was more than sufficient to show that the action 
was not caused by the mere alkalinity of the liquid. In one experiment 
the heart was kept beating well for eleven hours, and would doubtless 
have gone much longer, for the experiment was stopped while the heart 
was still beating well. The apparatus, in this case, was left in position 
over night; in the morning the heart was quiet, but after circulating 
the liquid through it for a while, it began to beat again quite well. 

As previously stated, our solutions of the inorganic salts of serum 
contained also the extractives, fats and sugar found in the blood. 
None of these substances when used alone are known to have any effect 
upon the heart in the way of maintaining its contractility, so that it 
seemed justifiable to assume that the action of our extracts was not in- 
fluenced by the presence of these bodies in them. But to make this 
assumption more certain the following experiment was performed. 

A quantity of rabbit’s serum was treated as described, and the dried 
residue after being heated to 110°C. was thoroughly extracted, first with 
absolute alcohol and next with ether. The two extracts were mixed 
and the undissolved residue preserved. The alcohol-ether extract was. 
evaporated to dryness at 70°C., and the residue was extracted with 
normal saline. This extract after being brought to an alkaline re- 
action was fed to an isolated heart. The result was negative. The 
heart after exhaustion by normal saline was fed with the solution for an 
hour, but refused to beat. 

A second experiment was then made with the portion of the original 
residue left after exhaustion with alcohol and ether. This residue was 
first extracted with water, and then diluted by the addition of an equal 
volume of normal saline. The solution so obtained was fed to an 
isolated heart prepared in the usual manner. The notes of the experi- 
ment record that at first the ventricle shrivelled, but soon relaxed, and 
the heart beat fairly well for six hours, at which time the experiment 
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was abandoned, although the heart was still beating. The heart-beats in 
this case showed a tendency to arrange themselves in groups like those 
described by Luciani’. It is shown by this experiment that a solution 
of the inorganic salts of serum minus the extractives, is capable of 
keeping the heart beating, whereas a solution of the extractives is 
without effect; hence we may conclude that the presence of the 
extractives etc. in our solutions was not in any way responsible for their 
favourable action upon the heart. That the solution of salts minus the 
extractives gave, on the whole, a poorer result than that obtained with 
the salts as usually prepared; was doubtless owing to the fact that some 
of the inorganic salts were dissolved out in the alcohol-ether extracts, 
and that what remained, therefore, did not represent the normal 
proportions of salts found in the serum. 

In the same way we may explain the fact that the solutions of the 
salts of serum kept the heart beating more normally than Ringer's 
mixture, since in the serum it is probable that the optimum ratio of 
potassium, sodium and calcium salts obtains. 

In preparing the blood salts according to our method it should be 
mentioned that care must be taken not to heat the dried residue too 
rapidly above 100°C. If this is done the sugar is destroyed with the 
formation of caramel, as is shown by the odour, and the presence of 
caramel seems to have a deleterious effect upon the heart. We shall 
speak of this action more in detail when describing our experiments 
upon milk salts, as the formation of caramel was the source of our 
greatest difficulty in that part of the work. 

Our conclusion with reference to the action of the inorganic salts of 
serum upon the isolated heart is that they alone, when present in the 
proper proportions to one another, are capable of keeping the heart 
beating for many hours, and that this fact is sufficient to explain, in 
part at least, the so-called nutritive action of serum on the heart. 

The conclusion just stated led us to abandon all hope of satis- 
factorily determining the relative nutritive values of the proteids of 
serum by the method we had first employed, that is, by feeding the 
heart with the separate proteids dissolved in liquids containing the 
proper quantities of the blood salts. It seemed possible that the same 
end might be reached by making a quantitative determination of the 
proteids in serum before and after feeding it to the heart for a number 
of hours, Several experiments of this character were carried out by 
Dr L. Churchill, of the University of Michigan, and formed the subject 


Arbeiten a. d. physiol. Anstalt zu Leipzig, 1872, 8. 113. 
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of a thesis submitted for the Master’s degree. The method of work 


was as follows. 

The hearts of frogs or terrapins were used, and were isolated in the 
way previously described. They were kept beating with rabbit’s serum 
which was collected from blood allowed to clot in a suitable vessel. 
The serum (usually about 30 c.c.) was diluted with twice its volume of 
normal saline before it was fed to the heart. The isolated heart was 
washed out for a short time with a stream of normal saline in order to 
remove all coagulable blood, and the serum was then turned on. After 
the whole quantity of serum used had been pumped through the heart 
several times, until it was certain that a uniform mixture of it and the 
salt solution left in the heart and apparatus had been made, samples 
were taken out for analysis. The remainder of the serum was kept 
circulating through the heart as long as it pumped well, the period 
varying from five to fourteen hours. 

At the end of this period samples were again taken for analysis. It 
was unfortunately necessary to make the experiments in the late winter 
and early spring upon frogs which had been kept in the laboratory since 
the preceding autumn, and this fact may account for the short time 
that the hearts continued to beat well. 

In these experiments it was of course absolutely necessary to 
prevent evaporation, and great care was taken to guard against errors 
from this source. 

The animal used was kept in a closed box provided with a glass lid, 
and the atmosphere of the box was kept saturated with moisture by 
the use of wet filter-paper. The tubes going to and from the heart 
passed into and out of the box through small openings which were 
kept packed with moist paper. The feeding flasks were two narrow 
cylinders; they were arranged as Mariotte’s flasks, and were connected 
in such a way that when one was serving as a supply flask, the other 
was receiving the blood pumped from the arterial side of the heart. 
When the supply cylinder had run out, the flow of serum was stopped 
for a moment, and the flasks were interchanged, the only alterations 
that were necessary being the sliding up or down of the air tubes and 
the transfer of the outflow tube on the arterial side of the heart from 
one cylinder to the other. On the venous side of the heart connections 
with the two cylinders were made by means of a Y tube, and remained 
unaltered throughout the experiment, except for the alternate clamping 
and unclamping of the tube to each cylinder according as it served as a 
supply or receiving flask. The serum, therefore, during the whole 
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experiment was kept in a closed space saturated with moisture and 
protected from evaporation. The slow stream of bubbles entering each 
flask while it was feeding served to keep the serum aerated. The only 
chance for error apparently lay in the probability that the new air 
entering the cylinders as they emptied themselves might not be 
perfectly saturated and would therefore take up some water vapour 
from the serum, but this danger seemed to be provided against by the 
fact that the air moved slowly through the moist air-tubes before 
entering the cylinders. 

In analyzing the serum before and after the experiment determin- 
ations were made of the total proteids and of the paraglobulin. To 
obtain the total proteids, the sample of serum was saturated with 
crystals of (NH,),SO,, and then allowed to stand for an hour with 
frequent stirring. At the end of an hour it was thrown upon a 
weighed filter-paper. The weight of the paper was obtained in the 
usual way by repeated heatings to 110°C. 

After filtration the precipitate was washed with a saturated solution 
of (NH,), SO, and the funnel with the contained filter was then placed 
in a warm chamber and heated for several hours at 110°C. in order to 
coagulate the proteid. The precipitate was next washed with boiling 
water until the filtrate showed no trace of sulphate when tested with 
BaCl,, and lastly with hot alcohol and ether. The filter-paper was 
then dried and heated to 110°C. until the weight became constant. 
The paraglobulin was determined at first by saturation with MgSO,, 
but the method proved to be unsatisfactory because of the difficulty 
in washing the precipitate with a saturated solution of MgSO,, to re- 
move the serum albumin. Later, the method of half saturation with 
(NH,),SO,, at first described by Kauder“, was employed. It was found 
to be much more convenient and to give more uniform results, though 
as the analyses will show it was not perfectly e The method 
was as follows. 

To the specimen of weakly alkaline serum an equal volume of a 
saturated solution of (NH,), S0, was added. After standing for an hour 
the precipitate was thrown upon a weighed filter, and washed with a 
half-saturated solution of (NH,), 80, until the washings gave no opal - 
escence on boiling. The precipitate was then treated as in the case of 
the estimation of total proteids just described. Duplicate analyses were 
made in every case. Inasmuch as the mere standing of the serum for 


' Archiv f. exper. Pathol. u. Pharma kol. xx. 411, 
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a long time might result in a change in the quantities of the proteids 
from bacterial action or other causes, an experiment was first made to 
determine this point. A given volume of serum was diluted with twice 
its bulk of normal saline, and a portion of the mixture was taken for 
analysis. The remainder was kept in a closed flask at ordinary room 
temperature for 24 hours, and samples were again taken for analysis. 
The analysis is given in detail as an example of the character of the 
results obtained. 


Total proteids at beginning, 2°5c.c. of serum used for analysis. 


No. 1. No. 2. 
Wt. of filter + weighing tube + proteids = 8°4418 . 84516 
Wt. of filter + weighing tube = 8-3950 84042 
Total proteids = 0°0468 00474 

Average = 00471 grms. 


Total proteids at end, 2°5 ec, serum used for analysis. 
Wt. of filter + weighing tube + proteid = 6°5313 73935 
Wt. of filter + weighing tube = 6˙4846 73463 


Total proteid = 0-0467 0-0472 
Average = 00469 grms. 
Paraglobulin at beginning, 5 c.c. used for analysis. 
Wt. of filter + weighing tube + proteid = 5°8993 70188 


Wt. of filter + weighing tube = 58815 70015 
Paraglobulin 00178 
Average = 900175 grms. 


Paraglobulin at end of 24 hours, 5 c. c. used for analysis. 
Wt. of filter + weighing tube + proteid 6˙7943 6°4373 


Wt. of filter + weighing tube = 67753 6°4185 
Paraglobulin = 0-0190 00188 
Average = 0°0189 grms. 


The analysis shows that as far at least as the total proteids are 
concerned there is no perceptible loss after standing for 24 hours. 

The results of the experiment made to determine the effect upon 
the proteids of circulating serum through the heart for a given period 
are shown in the following table. It should be stated that the figures 
given are averages of duplicate analyses. 
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Toran Prorerps. PAaRAGLOBULIN. 

Analyses made upon 2°5 c.c. of serum. Analyses made upon 5 c. c. of serum. 
ae Duration Before | After Diff. Before | After Diff. 
7 brs 00493 | 0°0487 00006 | 0-0139 | 0-01385 | — 0-00005 

2 5 „ | 004705) 004725 + 00002 002215 0•0191 | — 0-003 
3 8 „ 005225 005485 + 00026 | 00281 | 0-03215 | + 0-004 
4 14 „ | 004535 | 0-04515 | — 00002 [00107 |0°0096 | —0-0011 
5 9 „ | 00886 |.0-08925| + 0-0006 

6 7 „ |004685|0-0468 — 0-00005]0-0177 00177 


As far as the total proteids are concerned the analyses give very 


satisfactory evidence that for periods as long as 14 hours there is no 
consumption of proteid by the isolated amphibian heart kept beating 
by means of mammalian serum, at least no consumption of proteid 
capable of detection by the method of analysis which we used. 

For the paraglobulin the results are not so satisfactory. However, 
since in two of the analyses there was practically no variation in the 
amount of this proteid before and after the experiment, and in the 
other three in which the difference was considerable it was in one case 
plus and in the others minus, it is altogether probable that the 
variations are to be considered as errors of analysis. As far as the 
analyses go they indicate that the paraglobulin suffered no distinct 
change during the circulation, and that therefore not only was the total 
quantity of proteid unaffected by the action of the heart but also the 
relative proportions of serum albumin and paraglobulin. 

Inasmuch as our previous work had shown that the inorganic salts of 
the serum alone suffice to keep the heart beating well for periods as 
long and longer than those used in the experiments just described, it 
seems necessary to conclude that when the isolated heart of a cold- 
blooded animal is kept beating by means of mammalian serum the 


foreign proteids do not nourish-the heart at all, that is, they are not 


actually assimilated by the working heart muscle. 

While this conclusion is the direct outcome of the experiments we 
have made, it is not, of course, actually demonstrated by these experi- 
ments, since it is possible that within a period of 14 hours the amount 
of proteid consumed by the hearts of frogs and terrapins might be so 
small as not to appear in the analyses. We have no data upon which 
to estimate the amount of proteid which a heart ought to consume in 
that period unless we make the unjustifiable assumption that the energy 
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of the work done is derived directly from metabolized proteid. That 
the beating heart does not actually use up perceptible quantities of the 
serum albumin, or other proteids, found in the circulating liquid seems 
at first to be opposed to all physiological traditions, but we must re- 
member that it has long been accepted that working voluntary muscle 
consumes no more proteid than resting muscle and, therefore, probably 
does not assimilate more from the blood passing through it. It should 
not therefore surprise us to find that the same may be true of the heart 
muscle. 

The proteids of blood are, of course, in the normal circulation 
eventually assimilated by the tissue elements; and doubtless in an 
isolated frog’s heart fed with its own serum assimilation of proteids to 
some extent must take place but it does not necessarily follow that the 
proteids of mammalian blood, for example, are capable of being assimi- 
lated without change by the tissues of a cold-blooded animal, even 
though such assimilation is possible for the proteids of its own blood. 
Our quantitative examinations of the serum before and after circulation 
through the heart for a number of hours have, therefore, the value only 
of negative results. They show that the beating heart consumes a 
very minute amount of proteid, if any at all, from the circulating 
liquid. This adds to the improbability of the view usually adopted 
that the contractions of the heart under such circumstances are depen- 
dent upon the direct assimilation of serum albumin from the circulating 
liquid, and tends to confirm the conclusion, to which our work leads us, 
that the constituents of the serum immediately concerned in starting 
the series of changes which precede the heart-beat are the inorganic 
salts, and especially the salts of calcium. 


Action of the inorganic salts of milk wpon the isolated heart. 


It has been shown by a number of observers Ringer, v. Ott, and 
others, that milk when properly diluted nourishes the heart well, that 
is, keeps it beating vigorously and regularly for a number of hours. 

This action has been attributed without warrant to the presence of 
serum albumin, or the closely related lactalbumin, but in the light of our 
work upon the salts of serum, it seemed to us that the action of the 
milk might in reality be owing to the presence of the inorganic salts, 


since they are qualitatively the same as those found in the blood. We 


attempted accordingly to prepare solutions of the milk salts by a 
method similar to that employed for the serum, hoping thereby to 
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obtain the saits in their normal combinations and proportions. The 
milk sugar, however, offered an almost insuperable obstacle to the 
method as used with the blood. If in heating the milk residue the 
temperature was allowed to rise above 100°C. the mass turned brown 
and developed an odour of caramel. Solutions made from such prepara- 
tions were of a reddish colour, the depth of the colour depending upon 
the extent of the destruction of sugar, and they had a peculiar effect 
upon the heart’s contractility. If the heart was beating when the solu- 
tion was fed to it it would stop in a few seconds in wide diastole and 
remain in this condition as long as the solution was passed through it. 
Not only was the heart unable to beat spontaneously, but mechanical 
stimulation also failed to call forth contractions. Nevertheless, the solu- 
tion seemed not to permanently injure the heart, since if it was washed 
out with normal saline, and the heart then fed with Ringer’s mixture 
or blood serum, rhythmic contractions soon followed. 

We attempted by a number of methods to get a perfectly satis- 
factory solution of the milk salts which should not contain a trace 
either of proteid or of caramel, and although our efforts were not 
entirely successful, they were sufficient, when the results of the different 
methods were considered together, to convince us that our hypothesis 
was correct. 

The method of preparing the solutions was varied from time to time, 
but the usual procedure was as follows. Perfectly fresh cow's milk was 
curdled by the addition of a drop or two of a glycerin extract of rennin 
prepared from a calf’s stomach. The curd was filtered off through 
cotton cloth, and the nearly clear whey was evaporated over a water 
bath until reduced to a small volume, When reduced to a small bulk 
the liquid was suspended in a warm chamber, and evaporated to com- 
plete dryness at a temperature of 80° to 90°C. The residue was 
powdered, heated for a number of hours below 100°C., and finally for 
several hours at 100° to 105°C. 

To prepare a solution for experiment a residue was extracted with 
water for a short time, then filtered and diluted with two to six times its 
bulk of saline, and made faintly alkaline by the addition of sodium 
carbonate solution. 

In one experiment in which the quantity of milk taken was 5 small 
(about 50 c.c.), the treatment was so far successful that the final solution 
contained no caramel, not enough, at least, to give an odour, and it failed 
to give the Millon’s test for proteids, though it responded faintly to 
the xanthoproteic test. With this solution an isolated heart, which had 
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been thoroughly washed out with normal saline, was kept beating with 
force and regularity for nine hours. It would probably have gone much 
longer, for at the end of nine hours when the experiment was stopped, 
the heart was still beating as well as at the beginning. 

At the end of the experiment the liquid was again examined for 
proteids and still contained so little that it gave no reaction with 
Millon’s reagent. It seemed to us improbable that a trace of albumin 
so slight as this could keep a heart beating in the way this solution did, 
even if we granted that the proteid present was lactalbumin and not, as 
was possible, a peptone or proteose. To make this inference more 
certain many efforts were made to get rid of this last trace of proteid. 
The dried residue was in some cases heated for days at 80° to 90°C. ina 
warm chamber, and was then heated for hours at 90°C. in a vacuum and 
over sulphuric acid, and finally it was heated for severai hours at 110°C. 
or higher. For one reason or another all of these attempts were un- 
successful, Either the residue browned with the formation of caramel 
or the proteid tests still gave evidence of traces of proteid. At last we 
resorted to the following rough method with partially satisfactory 
results. The dried residue of the whey, or of the whole milk, after 
prolonged heating to 80°C. in a warm chamber, was slowly raised to 
105°-110° C., and was kept at that temperature for several hours. The 
slightly browned mass was then ground up in a mortar with a small 
bulk of water, thrown upon a filter, and quickly washed with a little 
additional water. What remained of the residue, which, as in the other 
cases, was largely milk sugar, was then carefully dried by pressure 
between folds of filter paper and dissolved in normal saline made slightly 
alkaline by the addition of a few drops of a 3% solution of potassium 
or sodium hydrate. The solutions prepared in this way gave no re- 
action at all for proteids, not even with phospho-tungstic acid or 
potassio-mercuric-iodide. The trace of proteid which had been left in 
the residue after heating had evidently been completely removed along 
with the caramel by the slight washing to which the mass had been 
subjected. The washing, however, had been so slight as to leave 
undissolved some portion of the sults contained in the residue, since the 
final solution gave a distinct though not a strong reaction for calcium. 

Isolated hearts washed out with normal saline and fed with the 
solution just described beat fairly well for five to six hours, far better 
than could be accounted for by the alkaline reaction of the liquid. 
That the hearts did not do better is sufficiently explained from our 
standpoint by the fact that in the washing of the residue some of the 
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lime and potash salts had been removed; what remained was sufficient 
to cause the heart to beat for hours, but the optimum proportion had 
been lost. 

These experiments taken in connection with those previously de- 
_ scribed, in which a solution with the normal proportion of salts but with 
a minute trace of proteid caused the heart to beat so well, warranted us 
in concluding that the so-called nourishing action of milk upon the 
isolated heart is not due to the action of the proteids, but to the 
inorganic salts present, and that the latter when in proper proportions 
and dilution are sufficient to keep the heart beating for hours. 

It should be stated, also, that the solutions, as we made them, 
contained large quantities- of milk sugar, and unless they were very 
much diluted the sugar seemed to have a distinctly injurious action on 
the heart. We did not make any special investigation of this point. 


Action of the inorganic salts of the gastric secretion upon the 
isolated heart. 


In a number of very interesting experiments upon the formation of 
serum albumin in the stomach v. Ott* has shown that while 1°/, 
peptone solutions will not nourish an isolated heart which has been 
previously exhausted with normal saline, the same solutions after con- 
tact. with the living membrane of the stomach or intestines are capable 
of causing the heart to beat again. These observations have been 
confirmed and extended by Kronecker and Popoff, and Kronecker 
and Brinck’. 

The interpretation of the results as given in all the communications 
was that the peptone had been in part changed to serum albumin by 
contact with the living mucous membrane, whence the nutrient action 
upon the heart. 

None of the authors quoted seem to have made any chemical tests 
for serum albumin, indeed they go so far as to say that the only 
adequate test for serum albumin is the nourishing action it has upon 
the heart, Serumalbumin ist durch seine muskelernährende Eigen- 
schaft sicherer characterisirt als durch physikalische und chemische 
Reactionen.“ This statement rests evidently upon the belief that nothing 
will suffice to keep a heart beating well for a number of hours except 


1 Archiv f. Anat. u. Physiol., Physiol. Abth. 1883, 8. 1. 
2 Archiv J. Anat, u. Physiol., Physiol, Abth. 1887, S. 345 and Zeit. fur Biologie, xxv. 
1889, S. 427 and 453, 
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serum albumin. How little basis there is for this belief is shown not 
only by our experiments, but also by those of Ringer upon the action 
of calcium, potassium, and sodium salts upon the heart“, which have 
been published now for some ten years. 

Assuming that the conclusions that we have reached so far are cor- 

rect, it is possible to interpret the results of v. Ott and Kronecker and 
Popoff in an entirely different way. Either the peptone may have 
caused a secretion of gastric or intestinal juice, the latter bringing 
with it a quantity of inorganic salts, including calcium salts, which 
would be able to keep the heart beating; or the absorption of the 
peptones may have started a diffusion stream from the lymph and blood 
into the intestine or stomach, a about the same result as far as 
the salts are concerned. 
To test this explanation the following experiments were made. 
First ;—a 1°/, solution of peptone in normal saline was made slightly 
alkaline, and was fed to an isolated heart from which the blood had been 
thoroughly washed out. The result was that the heart passed into wide 
diastole and refused to beat, although the solution was passed through 
it for more than an hour. 

Second ;—a dog which had been kept from food for more than 24 hours 
was tied down, and by means of a stomach pump the stomach was 
washed out with a large bulk of normal saline. A 1°/, solution of pep- 
tone was then introduced into the stomach by means of the stomach 
tube, and was allowed to remain there for something less than half an 
hour and was then removed. This solution was evaporated to complete 
dryness over a water bath, and the residue was powdered and placed in 
a warm chamber at 100°C. and heated for several days, the temperature 
towards the end being raised to 105°C. The heated residue was then 
extracted with a volume of water equal to that of the solution originally 
taken, and the extract was made slightly alkaline with 0°5°/, solution of 
Na,CO, and used to feed an isolated heart. The result was that the 
heart beat well and regularly for seven hours, and would probably have 
gone much longer if it had not been necessary to stop the experiment at 
this time on account of the lateness of the hour. The heart was left in 
connection with the feeding flask over night, and on the following morn- 
ing the auricles were still beating. Upon passing the solution through 
the heart again the ventricles also began to beat in proper rhythm. If 
the action of the peptone solution in this case, after lying for half an 
hour in the stomach, had really been owing to the formation of serum 


1 This Journal, Vol. rv. p. 33, Vol. vm. p. 15. 


15—2 


2 
4 
* 
r 
* 
ag 
7 
— 
. 
> 


214 W. H. HOWELL AND E. COOKE. 


albumin, it is scarcely possible that after boiling the solution to dryness, 
and heating so thoroughly at and above 100°C., the serum albumin 
would have remained soluble in quantities sufficient to show such a 
marked beneficial action upon the heart. 

Third ;—a dog was starved for 24 hours, and was then tied down and 
anaesthetized slightly with ether. The stomach was washed out with a 
large bulk of normal saline, and several small sponges which had been 
carefully cleansed in hot distilled water were forced down the oesopha- 
gus into the stomach. About three quarters of an hour afterwards the 
animal was killed by bleeding and the stomach was carefully opened ; 
the sponges were removed and their contents squeezed out into an 
evaporating dish. This liquid was evaporated to dryness over a water 
bath, the residue was powdered and subjected to prolonged heating at 
and above 100°C. An extract was then made with normal saline, the 
reaction was made slightly alkaline by means of a 0°5°/, solution of 
NaOH, and this solution was used to feed an isolated heart. 

In the best experiment of this kind the heart was kept beating for 
five hours, and would apparently have gone much longer, had not the 
experiment been brought to a sudden close by an accident. 

These experiments seem to us to support the hypothesis which we 
made in the beginning, namely, that the so-called nourishing action of 
peptone solutions upon the heart after they have been brought into 
contact with the mucous membrane of the stomach or intestine, is not 
caused by the presence of serum albumin but by the inorganic salts, 
especially the calcium salts, derived from the gastric or intestinal secre- 
tion, or by diffusion from the blood. 


Action of the salts of saliva on the isolated heart. 


The results of our work upon the salts of gastric juice suggested the 
idea that any of the secretions of the body might, if heated in the same 
way, yield a residue of inorganic salts which if properly diluted, would 
keep the heart beating. Two experiments made upon saliva, however, 
gave negative results. The saliva was taken at different times from two 
different persons, and was treated in the way described for the gastric 
secretion. The final extract of the heated residue contained no lime 
salts, and responded faintly to the colour reactions for proteid, owing 
probably to the presence of mucin. When fed to the heart the solution 
failed to keep it beating. | 

In another experiment fresh saliva was taken and diluted with an 
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equal volume of normal saline; the solution was fed to an isolated heart, 
and the notes record that the heart beat feebly and irregularly for three 
hours, but the action was very much less favourable than with the salts 
of serum, milk, or gastric juice. 

Whether this bad result was owing to an unfortunate dilution or to 
something in the saliva which injured the heart was not ascertained. 
The experiments upon this secretion were not carried any farther as they 
did not seem essential to the main question under investigation. 


Action of salts of Gum Arabic on the isolated heart. 


_ While these experiments were in progress we were much interested 

in reading a paper by Heffter’ upon the nutrition of the working 
frog’s heart. Among other results which he obtained he found that if 
a mass of red blood corpuscles is washed until only a trace of albumin 
is left, and the corpuscles are then mixed with a 2°/, solution of gum 
arabic, the solution so obtained, after neutralization with Na, CO, will 
serve to keep the heart beating with regularity and force, acting nearly 
as well as defibrinated blood. On the contrary if the washed corpuscles 
are mixed with normal saline instead of gum arabic, the solution has no 
power to keep the heart beating, acting in very much the same way as 
a normal saline solution alone. He concludes from these and other 
facts that the red blood corpuscles are the principal factor in the 
nutrition of the heart, but that in order for the heart to beat well it is 
necessary, in addition, that the circulating liquid shall have certain 
physical properties approximating those of serum. 

With reference to the first part of this conclusion it seems to us that 
it is contradicted by the author’s own experiments, and certainly the 
facts given in this paper, together with the experiments of Ringer, 
suffice to show its error. 

The heart muscle needs oxygen, and it is doubtless true that the 
Presence of red corpuscles in a circulating liquid, by bringing oxygen 
more freely to the tissues, will keep the heart in a better condition, but 
this is a very different thing from saying that the red corpuscles play 
the principal part in the nutrition of an isolated heart. 

With reference to the second part of the conclusion in which the 
efficacy of the gum arabic is attributed to its effect upon the physical 
properties of the liquid one feels a natural hesitation in accepting 
such a vague and unphysiological statement. 


1 Archiv f. exper. Pathol. u. Pharmakol, xxrx, 41. 
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It occurred to us that a more rational explanation of the action of 
gum arabic might be found in the presence of the inorganic salts, gum 
arabic, as is well known, being a combination of arabin or gummic acid 
with calcium and potassium salts. We made a few experiments, the 
results of which support this explanation. 

If a 3% solution of crude gum arabic in normal saline is brought to 
a slightly alkaline reaction by means of Na,CO, or NaOH, it will be 
found of itself to cause strong regular contractions in an isolated froy’s 
heart. We made no attempt to determine how long this action would 
continue, as the character of the heart’s contractions seemed sufficient 
proof of the efficacy of the solution. In the longest experiment the 
heart beat well and forcibly for three hours, at which time it was 
necessary to stop the experiment, although the heart showed no sigus 


of weakening and would probably have continued to beat for a number 


of hours. 


General conclusions and remarks. 


The foregoing experiments are throughout of a qualitative character, 
inasmuch as no attempt was made to register or estimate the force of 
the heart beat when fed with the different solutions herein described. 
In compensation for this the experiments have been very numerous and 
varied, the work having extended over a period of several years, so that 
we feel very confident of our general results, though we regret that it 
was not found possible to repeat the more important experiments with 
measurements of the amount of work done by the heart. 

The most important direct conclusion to be derived from the work is 
that the inorganic salts of the blood, milk, gastric juice, etc., 
when in proper dilution, will keep the heart beating with 
force and regularity for many hours, although no proteid is 
present. This fact must be borne in mind in all experiments upon 
the nutrition of the isolated heart, especially in view of the fact that 
the experiments of Kronecker, Martius, v. Ott, and others, seem to 
have given currency to the belief that only solutions containing serum 
albumin are able to keep the heart beating for any length of time. 

The experiments of Martius have already been referred to. It will 
be remembered that like Gaule’ he found that an isolated heart which 
had been washed out with normal saline until it had lost its contractility 
could be made to beat again for an hour or more by making the saline 


1 Archiv f. Anat. u. Physiol., Physiol. Abth. 1878. 
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slightly alkaline. After the heart had ceased to beat with the alkaline 
solution, nothing except liquids containing serum albumin were able to 
start the heart contracting again. Martius explains the temporary 
benefit derived from the alkaline solution by supposing that it aids in 
removing the CO, formed during contraction, and enables the heart to 
live a while longer upon the small traces of blood contained in the 
capillary spaces between its muscle fibres. 

When this supply of nourishment is consumed the alkali is no longer 
effective in causing the heart to contract, since, according to his view 
the heart muscle cannot perform work at the expense of its own 
substance; it derives the energy for a contraction directly from the 
nutrient liquid (serum albumin), and once this nutrition is withdrawn, 
the heart is not capable of contracting upon an “ inorganic diet.” 

We have found, on the contrary, that a heart brought into a 
condition of complete exhaustion, according to the view of Martius, by 
the successive circulation through it of normal saline and alkaline 
saline, may be made to beat again with force and regularity upon a 
purely “inorganic diet,” namely, Ringer’s mixture, or the salts of 
serum, milk, etc. 

The theoretical conclusion which Martius derived from his experi- 

ments, must, therefore, it seems to us, fall to the ground. The heart is 
able to contract at the expense of its own substance when properly 
stimulated. | 

For the same reasons the conclusion of v. Ott and Kronecker that 
the power of any liquid to keep a heart beating is, ipso facto, a proof of 
the presence of serum albumin in that liquid, must also be abandoned. 

We lay stress upon these points, as they seem to us the most 
important outcome of our work. If we attempt to explain how the 
inorganic salts act upon the heart, we are brought face to face with the 
difficult problem of the causation of the heart beat. The experiments 
of Ringer have shown that the action of the mixture of inorganic salts 
is owing chiefly to the presence of lime salts, though the best effect is 
obtained when potassium salts are present in proportions such as are 
found in the blood plasma. 

In what way the lime and potassium salts cause the heart to 
contract rhythmically it is impossible to say with our present knowledge 
of the chemistry of the heart. Looking at the problem from the most 
general stand point it seems to us that the effect of the inorganic salts 
can be understood only upon one of two hypotheses. Either these salts 

act as a chemical stimulus to the heart nerves or muscle, or they furnish 
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u necessary condition for the spontaneous chemical changes which 
inaugurate the heart beat. Of these alternatives the former is more 
definite and perhaps less objectionable. 

The history of the theories of the causation of the heart beat is 
known to all. The ancient view advocated by Haller and the older 
physiologists, that the blood acts as a chemical stimulus to the heart, 
has long been abandoned; perhaps the latest serious effort to uphold it 
will be found in a paper by Schiff’. 

In recent years the discussions have turned chiefly on the point as 
to whether the changes which start the heart beat arise in the ganglion 
cells, the so-called motor centres, or in the heart muscle itself. Which- 
ever of these views may have been adopted it seems to be more or less 
clearly implied in modern works that the initial stimulus arises in 
connection with the normal dissociation (katabolic) changes in the 
nutrition of the nerve or muscle cell. As Langendorff* has expressed 
it, Das Lebensproduct der Zelle ist ihr Erreger.“ However satisfactory 
such a view may be from the stand- point of theory, it is of course, 
difficult of demonstration, and does not explain the experiments 
recorded in this paper so well as the older view of a chemical stimula- 
tion. 

In fact, if one examines carefully the various experiments which 
have been made from time to time with the purpose of showing that 
the blood does not act as a chemical stimulus to the heart, the objection 
may be justly made that they do not definitively exclude the possibility 
of such stimulation. The so-called bloodless excised heart is not 
entirely devoid of blood unless it has been thoroughly. washed out, and 
if this be done it ceases to beat spontaneously. The fact that the apex 
of the ventricle of the frog’s heart when clamped off from the rest of 
the heart remains in quiet diastole though filled with the circulating 
blood, as has been shown by the experiments of Bernstein“ and of 
Bowditch‘, does not exclude the possibility that the blood may act as 
a stimulus to the heart under normal conditions, especially to that 
portion of the heart, the sinus musculature or ganglia, which, on account 
of its greater irritability, inaugurates the cardiac beat. Even those 
remarkable experiments of Gaskell* in which he kept strips of muscle 


1 “Der Modus der Herzbewegung.” Archiv f. physiol. Heilkunde, 1850, rx. 22 and 
220. 

2 Archiv f. Anat. u. Physiol., Physiol. Abth. Suppl. Bd. 1884, S. 1. 

Centralbl. f. d. med. Wiss, 1876, S. 385. 

This Journal, Vol. i. p. 104. 

5 This Journal, Vol. rv. p. 43. 


* — 2 4 4 8 
7 
¢ 
a 
4 
4 
4 
a : 
7 


ACTION OF SALTS ON HEART. 219 


from the ventricle of a tortoise (Testudo Graeca) beating for hours when 
simply suspended in a moist chamber, do not absolutely exclude the 
stimulation theory. It is to be noted that Gaskell’s experiment does 
not succeed with the ventricular muscle of the frog or, according to our 
experience, with the fresh water turtle, or terrapin (Pseudemys rugosa). 
It is true that in the terrapin and turtle, strips of muscle from the 
ventricle when kept slightly extended in normal saline by a small 
weight will begin to beat after a short time, and continue beating for 
one or more hours, but for so short a period one may imagine that the 
spongy strips contain sufficient blood to act upon the muscle. 

Strips of tortoise’s ventricle on the contrary may under certain 
conditions beat for 30 hours (Gaskell). We must believe that this is 
primarily due to some peculiarity in the tortoise’s muscle, and even if we 
grant that this muscle unlike that of the frog or terrapin, can undergo 
a series of spontaneous katabolisms with the production of internal 
stimuli throughout such a long period of time, it is questionable, when 
we consider the time required for the appearance of these spontaneous 
beats, whether in the normal beat of the whole heart the method of 
causation is the same. It is quite possible that a method may be 
devised for studying the action of the blood salts upon strips of heart 
muscle, which will provide us with experimental data for the discussion 
of such theories. 

Meanwhile for the experiments described in this paper we do not by 
any means claim that they prove that the inorganic salts of the blood 
act as a chemical stimulus to the heart muscle or nerve, but they seem 
to support such an hypothesis, and lead us to think that the old theory 
of the causation of the heart beat may not be so entirely beyond 
question as modern physiologists have assumed. 


Nore. 


Since the preceding paper was written a series of supplementary experi- 
ments has been made in the physiological laboratory of the Harvard Medical 
School by Mr R. G. Eaton, working under the direction of one of us (H). 
While the object of the experiments given in the above paper was to remove 
all the proteids from serum, and thus get at the effect of the inorganic salts 
on the heart, the object of the supplementary experiments was to leave all 
the proteids in the serum and to precipitate the calcium, and thus get at the 
effect of the proteids alone on the heart. To precipitate the calcium the 
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method of Arthus was used. Sodium oxalate solution (0°9°/,) was added 
to the serum in quantities sufficient to make the latter contain 0-07 / of the 
salt. After standing 12 hrs. the precipitate was filtered off, or centrifugalized 
off, and the action of the serum on an isolated frog’s heart was tested. It 
was found that the decalcified serum acts upon the heart precisely as normal 
saline solutions. The ventricular beats become weaker and weaker and 
finally disappear entirely. If then a certain quantity of calcium chloride 
solution is added to the decalcified serum the heart begins to beat again 
almost immediately with great vigour. The force and character of the ventri- 
cular contractions will depend upon the amount of calcium chloride added, 
there being an optimum proportion of this salt as Ringer has shown. It 
should be stated that care was taken to show that a small excess of sodium 
oxalate such as may have been present in the decalcified serum is not 
harmful to the heart. The details of these experiments with records of the 
heart contractions will be published shortly. 
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ON THE CHEMICAL STIMULATION OF NERVES. By 
ERNEST W. GROVES, BSc. (London). Assistant demonstrator 
of Biology at St Bartholomew's Hospital. (Pl. VII.) 


From the Physiological Laboratory of the Tubingen University. 


Ix conducting some experiments on the chemical stimulation of sensory 
nerves (which gave only negative results), I was struck by certain very 
well-marked differences between the action of chemical and electrical 
stimuli. I then proceeded to investigate these differences with the 
following results :— 


1. In respect to the unequal excitability of different portions of the 
sciatic nerve of the Frog. 

It has long been known that the portion of a motor nerve (of the 
frog) which lies near the central nervous system is more excitable 
towards induction shocks than that which is more remote. Or, applying 
terms which I make use of throughout, for electrical stimuli, the 
central portions of a motor nerve are more irritable than the peripheral. 

Now concerning a similar reaction towards chemical stimuli, 
opinions differ greatly, but I hope to show in the course of this paper 
that the case is exactly reversed. 

Before proceeding to state in detail the results actually obtained, it 
may be well to dwell for a moment on the difficulties attending this 
investigation. 

The first difficulty is to know the standard by which to compare 
unequal excitabilities in a nerve. In general there are three possible 
methods—viz. by the comparison of 

First. The minimal stimuli required to call forth a contraction. 

Second. The height of contraction called forth by equal stimuli. 

Third. The length of time required in each case for a contraction 
to be developed. 
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In the case of chemical stimuli the first method is impossible, 
because in altering the strength of a solution the character as well as 
the power of the stimulus is altered. The second method is also un- 
available owing to the irregular nature of the contractions which are at 
first provoked in a muscle by a chemical stimulus. Therefore we have 
to fall back upon the third and record the length of time which elapses 
between the application of the stimulus and the occurrence of (1) the 
first twitch and (2) tetanus. 

If therefore in this manner the character and duration of the 
contraction in two similar nerve muscle preparations be observed, a 
decided difference in the action of the stimuli speedily shows itself, and, 
as a result of this operation, it may generally be stated in connection 
with those reagents used in the present research that the peripheral 
portions of a motor nerve are more excitable by chemical 
stimuli than the central. 

The method of chemical irritation which shows this most clearly is 
that of drying by simple exposure to the atmosphere. The experiments 
were conducted as follows. 

In one frog’s leg the femur and thigh muscles having been removed, 
about 2cm. of the nerve just above the knee joint is prepared and 
ligatured at its central end with fine silk. In the other leg of the 
same frog an equal length of nerve (measuring from the head of the 
femur central-wards) is prepared in a similar manner. 

Both preparations having been washed in NaCl ‘06°/, are suspended 
by the middle digit from a clamp, and the superfluous moisture having 
been removed by blotting paper, the nerves are allowed to dry—the 
temperature of the laboratory being generally about 20°C. As the 
central part of the nerve is considerably thicker than the peripheral it 
seemed possible that the difference in reaction of the two parts depended 
upon the difference in the rate of drying. In order to guard against 
this source of error, in several experiments the three branches of which 
the central part is composed were separated and fixed apart from one 
another. In this manner the central parts of the nerve dry if anything 
more rapidly than the undivided peripheral parts. 

The following list gives the result of 13 such experiments. The 
figures represent minutes. Those in the first column being the time 
which elapsed before the first contraction, those in the second before 


tetanus when such cccurred, and those in the third the duration of the 
whole contraction. 
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No. of Until first 


t contraction Until tetanus | Total duration 
. { P 7 minutes 11 minutes 28 minutes 

11 28 „ 

oi — 

3 { P 7 ” 9 ” 20 ” 
150 — 

1 P 16 ” 20 ” 21 ” 

*C; 23 28 

5 P 35 ” 

14 „ — 

6 { 24 42 10 

C 40 ” 46 ” 22 ” 

7 2 17 ” 23 ” 40 ” 

° O 33 ” 35 ” 

8 P 16 10 32 

| 62 „ 
* 

P 

11 80 ” 14 ” 29 ” 

” 
13 P 25 ” 27 ” 25 ” 

0 | — 19 
P = Peripheral. C = Central. — No result. 
* = Branches of central portion separated. 


In the last two experiments only 0°5 cm. nerve in each preparation 
was dried whereas in all the rest about 2 cm. were exposed to the air. 

Three chief facts are exhibited by these experiments. 

First. The preparation.in which the peripheral portion of nerve is 
irritated always responds considerably before the others. 

Second. The preparation in which the central portion of the nerve 
is irritated seldom goes into a tetanus. 

Third. The duration of the contraction in the peripherally stimu- 
lated nerve preparation is generally considerably greater than in the 
other. | 

Negative results were almost always obtained by drying the roots of 
the nerves, 

The results of stimulation with concentrated sodium chloride and 
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glycerine are of the same character though the results are not shown to 
such a marked degree. 

The reagents were applied to the nerve by cotton wool, and when it 
was desired to stimulate the central portion of nerve only, the rest was 
kept wetted by normal saline (likewise on cotton wool). 

The following six experiments are selected as representative ones, 
and show the above-mentioned facts. 


Stimulation by a 10% solution of NaCl. 


ped Until tetanus | Total duration 
1 P| 4 minutes 8 minutes 28 minutes 
C; 2 » 20 „ 
2 14 „ 22 
„. 
3 P|; — 
4 { P 1 ” 5 ” 20 ” 
„ 


Stimulation by a mixture of equal parts of glycerine and normal 
saline. 


P 2 27 ” 


by 
5 { — 3 minutes 5 minutes 28 minutes 


I made several experiments of the same kind as the above, using 
solution of Urea as the stimulus. On the whole the results pointed 
in the same direction as those obtained by the use of other reagents, 
but the Urea killed the nerves so very rapidly that the results were not 
so clear and uniform. This applies also in a similar manner to the 
various salts of Potassium. 

It appears therefore from these experiments that the peripheral 
portions of a nerve respond more readily and more vigorously to 
chemical stimuli than the central portions, and furthermore that the 
central portions are sooner killed by the action of reagents than the 
peripheral portions. 

In this connection it is important to observe that the brachial nerves 
of the frog are almost entirely irresponsive to the above-mentioned 
chemical stimuli. | 
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I made a few histological preparations with a view to determining 
whether there existed any appreciable physical difference between 
different portions of the same nerve. 

The following differences appeared to exist. 

First. There is more connective tissue in the peripheral than in the 
central portions of the sciatic nerve, but on the other hand the brachial 
nerve which is physiologically similar to the central portion of the 
sciatic, unlike it, has a very large proportion of connective tissue. 

Second. The peripheral portions of the nerve fibres seem to be 
possessed of slightly more numerous nodes of Ranvier than do the 
central. This difference, if it exists, certainly is not greater than a 
proportion of 4 to 3 would indicate. 

Third. The nerve fibres have a larger quantity of medullary sheath 
in their central than in their peripheral portion. 

But, despits these slight physical differences, I am inclined to 
believe that the physiological difference in the excitability of nerves at 
different spots is due to no mere mechanical or physical cause (such as 
shrinking of the connective tissue enclosing the nerve fibre or a pene- 
tration of the reagent at the nodes), but to the physiological arrangement 
and properties of the train of nerve molecules through which an impulse 
passes on its way from the spinal chord to the terminal muscle. 


2. In respect to the regularity and amount of the muscular response. 


When a muscle responds to the stimulation of its nerve by an 
induced current, the temperature being constant and the weight lifted 
small, the contraction varies (in the case of different specimens of the 
same muscle) only in one particular (neglecting for the moment slight 
variations in the length of the latent period), viz. the proportion between 
the extent of the contraction and the intensity of the stimulus. 

The case of chemical stimuli offers a marked contrast to this. In 
the first place the length of time necessary to apply the stimulus before 
obtaining a contraction as the foregoing tables show is very variable. 
In other words, the length of the latent period of chemical stimuli is 
generally long and sometimes immensely so. The lapse of 40 minutes 
before a contraction (see experiment 6, table 1) clearly shows that the 
chemical latent period, is something quite different to the electrical. 

In the second place, the occurrence of a contraction at all is far from 
certain. A living muscle-nerve preparation from an unpoisoned frog 
will at temperatures between 5°C and 50°C unfailingly respond to a 
strong induced current, whereas, in the case of gastrocnemei taken 
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from two apparently identical frogs, the one may respond vigorously ~ 
and immediately to a chemical stimulus which is absolutely ineffective 
in provoking a contraction in the other. In every case both legs of the 
same frog always behaved similarly: 

In the third place the form of the contraction is very various. In 
the majority of cases fibrillar twitchings precede the contraction of the 
entire muscle, but even when this occurs the different fibres are 
generally contracting with different intensities, the resulting curve being 
therefore very seldom like that of a complete induction current; tetanus 
showing on the contrary numerous rises and falls which sometimes occur 
in groups and sometimes singly. But, while this is the usual occurrence, 
every other form of contraction results in different cases from the same 
stimulus. For example, isolated twitches like those produced by single 
induction shocks, rhythmically repeated tetanus curves, or even a 
sudden, powerful and perfect tetanus frequently occur. 

In the fourth place, the length of the muscle is almost always greater 
at the termination of the contractions due to chemical stimulation of the 
motor nerves than it was before it. At the end of these contractions 
the muscle is always considerably fatigued. But the reverse is generally 
the case after fatigue due to electrical stimuli, That is to say, the curve 
in that case does not reach the abscissa line’, whereas with chemical 
stimuli it drops below it. It might be thought this elongation is due 
simply to the weight, but since it requires 100 grms. to permanently 
elongate a frog’s gastrocnemius, and in my experiments I never used 
more than 20 grms., this is evidently not the case. 

When the muscle has been vigorously contracting the after- 
elongation is a very slow process, but in those cases where the muscle 
does not contract at all the phenomenon is very marked, after section of 
the nerve at the point where it enters the muscle (Fig. 3). This occur- 
rence which is so very marked when the chemically-stimulated nerve is 
cut appears to show that while the chemical stimulus causes the muscle 
to contract during its action, when that action ceases or is cut off, the 
muscle (or motor nerve-ending) is permanently altered, i i. e. disorganised 
in such a way that the muscle elongates. 


3. Me non-eaxcitability of sensory nerves by chemical stimuli. 
In this connection I would merely refer to a fact already demon- 
strated by Prof. Grützner, but recently called in question by Wert- 


1 Landois and Stirling. Tezxt-book of Physiology, 4th ed. Vol. n. p. 610, 
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heimer“. Experiments carried on under the direction of Prof. Grützner 
on the vagus of the Rabbit abundantly confirmed this point. 

The reagent used does not appear to kill the afferent nerves (at all 
events not rapidly), which remain irritable by the interrupted current. 

Figs. 1 and 14 illustrate these points. At a is the curve of respira- 
tion of a rabbit whose left vagus has been cut. At A 18—/. is seen the 
result of the stimulation of the central end of the cut vagus by an 
induced current whose coils were 18c.m. apart. At ö the curve is seen 
after the same piece of nerve has been inserted into a tube filled with 
clay soaked in 10% sodium chloride, having remained in this for 17 
minutes. At 4 10—/. is a result similar to that seen at A 18—/. the 
coils however in this case were only 10c.m. apart. 

Thus it appears that a chemical stimulus acting on an afferent nerve 

(1) Produces no reflex movement. 

(2) Decreases the irritability of the nerve for other stimuli. 

(3) Does not readily kill the nerve. 


4. Mutual action of two stimuli applied simultaneously to a nerve. 

The question has more than once been investigated, whether two 
stimuli applied to a nerve simultaneously inhibit one another's action. 
Griinhagen described the phenomenon as occurring in the case of two 
interrupted electrical stimuli, but he withdrew his statement after 
certain causes of fallacy had been pointed out by Setschenow. 

Lately Kaiser* has attempted to show this inhibition in the case of 
a chemical on an electrical and also of two chemical stimuli upon one 
another. Kaiser (employing the frog’s gastrocnemius) applied one 
stimulus to the nerve near the muscle (by dipping a loop of the nerve 
into a U-shaped tube full of glycerin), and the other close upon the 
roots of the nerve. After I had discovered the remarkable difference 
in the excitability of these two portions of the nerve towards chemical 
stimuli I re- investigated Kaiser's results. For the application of the 
stimuli I used a little trough employed by Prof. Griitzner in his own 


1 Brown-Sequard’s Archives de Physiologie, Vol. xn. 1890, p. 31; Vol. xx. 1891, 
p. 172. The two articles by Wertheimer here referred to, are concerned with two main 
propositions: Ist The irregularities of respiration known as Cheyne Stokes respiration 
are due to diminished irritability of the nervous centres. 2nd Chemical stimuli produce 
the phenomena of Cheyne Stokes respiration. Our results are concerned only with this 
second point and while they certainly show that chemical stimuli do effect a diminished 


ifritability of the nervous mechanism of respiration, they fail to show that this loss of 


18 Beitschrift fur Biologie. Neue Folge. Bd. x. p. 417. 


pH. XIV. 16 


29 
— 
a 40 
é 
* 


| 
| 
| 


228 E. W. GROVES. 


experiments. This is shown in fig. 2. A piece of cork with a square 
hole b in the centre is stuck on to a small glass square. The cork is 
gouged out at a and c and the whole covered with a thin layer of hard 
paraffin, which hinders the fluids running together. The hollow of b is 
always occupied by a piece of cotton-wool soaked in normal saline, while 
at a and o stimulating fluids can be applied in a similar way. 

The femur is fixed by the clamp at d, the tendo Achillis attached to 
the hook of a myograph at e, and the nerve laid across cha, and covered 
by three pieces of cotton-wool soaked in the same fluids as occupy 
, b and a@ respectively. The central end of the nerve has a piece of 
silk thread attached to it, by which the nerve can be raised or lowered 
on to the trough as desired. 

Although I have more than once observed inhibition phenomena 
similar to those described by Kaiser, yet the great majority of results 
are so distinctly and uniformly different that I think inhibition of the 
action of chemical stimuli by one another, and also the inhibition of a 
chemical by an electrical one, is as far from being proved as the 
inhibition of electrical stimuli by each other. | 

My most interesting results were obtained by working with a 10°/, 


sodium chloride solution next the muscle, and an interrupted current 


at the central end of the nerve. 

Fig. 4 illustrates the result of such an experiment. At a the 
height of the tetanus produced by an interrupted current acting alone 
on the central end of the nerve, when the coils are 9 c.m. apart, is 
shown. 

The wavy curve is the result of the 10% sodium chloride, while the 
regular rises at b, c, d, e, J, g, h, k and m indicate the height to which 
the curve rose when the induced current was thrown into the nerve. 
The figures below the abscissa line indicate the distance of the coils 
from one another on each of these occasions. Referring to Fig. 2, I 
need merely say, concerning the method of this particular experiment, 
that the nerve was not laid down on its bed till after the electrical 
stimulus whose result is shown at Fig. 4a had been administered, and 
further, from the point b in Fig. 4 the central end of the nerve was 
raised from its bed to allow the application of the electrical stimuli. 
Of course the space a in Fig. 2 was occupied like ö by normal saline 
cotton-wool. 

Fig. 4, which is similar in all important points to the majority of my 
experiments, exhibits the following points : 

1. The effect of the induced current (as judged by the total height 
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of the curve at the points of its application) is slightly lessened by the 
action of the sodium chloride (compare the contractions at a and d). 
But while this is undoubtedly the case I fully agree with Kaiser in 
rejecting Hermann’s statement that the chemical stimulus cuts off 
the electrical from acting on the muscle. Only electrical stimuli below 
a certain intensity suffer this fate. 

2. That whereas the muscle ceases to respond to the chemical 
stimulus at the end of the curve, or in other words, is completely 
fatigued as far as 10°/, sodium chloride is concerned, yet this fatigue is 
only slightly seen in respect to the reaction to electrical stimuli 
(compare the curve at /, „ and m, also at g and k). That is to say, 
while the preparation may be completely fatigued in responding to one 
kind of stimulus it is readily excitable by the action of another. 

This agrees very well with Richter's“ statement, which I have 
confirmed, that after a muscle is completely fatigued towards Urea (as a 
stimulus) it is at once roused into fresh activity by the application of a 

10°/, sodium chloride solution in place of the Urea. 

3. If the electrical stimulus be of a strength capable when acting 
alone of producing a greater contraction than the muscle is executing 
at the moment of application, that contraction will be increased by the 
action of the electrical stimulus so that the contraction falls only a little 
short of what the electrical stimulus would have produced when acting 
alone. When the electrical stimulus is less than this it has no effect 
on the contraction already taking place; or in other words, for the 
conditions obtaining in this experiment, when two stimuli are acting 
upon a nerve at the same time, the effect on the muscle is that (or only 
a little less than that) which would be produced by the major stimulus 
acting alone. 

The only thing that looked at all like inhibition was obtained when 
the electrical stimulus was less powerful than the chemical, when the 
curve slightly dropped, but in my experiments even this was ex- 
ceptional. 

I must say I don’t think even Kaiser’s own curves demonstrate an 
inhibition of the action of the chemical stimulus by the electrical, very 
clearly. 

In connection with the action of two chemical stimuli upon each 
other, my results have also been quite divergent from those of Kaiser. 
But while he used glycerin and sodium chloride, I simplified the 


1 “Ueber die Einwirkung des Harnstoffs auf die motorischen Nerven des Frosches.” 
Dissertation. Erlangen, 1860. 
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matter by employing a 10% solution of sodium chloride both centrally 
and peripherally. Also I applied the solutions in quite a different way 
(see Fig. 2). Kaiser describes his application of the reagents thus: 
“Kin Abschnitt des Nerven tauchte schlingenförmig in den einen 
Schenkel eines U-förmigen mit concentrirten Glycerin gefüllten 
Röhrchen.“ 

The hanging a U-shaped loop of nerve into a solution seems to 
involve a large bit of the nerve being stimulated at each point of 
application. And in this method therefore, even more than in my own, 
if inhibition occurs between chemical stimuli acting at different spots, 
why should not one half of one stimulus inhibit the action of the other 
half of the same? For instance, in Kaiser’s method why should not 
the glycerin acting on one limb of the U inhibit the action on the 
other limb? And therefore even if chemical inhibition does occur it 
would be difficult to demonstrate it with our present means of applica- 
tion of chemical stimuli. 

Where two stimuli were acting, one centrally and the other periphe- 
rally, the muscle responding by the usual chemical-tetanus, the nerve 
was cut between the stimuli (following Kaiser’s method), The 
mechanical irritation of cutting produced in all cases a sudden rise, 
followed by a more gradual fall in the curve, this fall always reached a 
point as low as that before the cut and generally one considerably 
lower. These results certainly do not show that the removal of the 
centrally placed stimulus cuts off any inhibitory influence from the 
remaining peripherally situated stimulus. 

The appearance of inhibition of glycerin by sodium chloride which 
Kaiser points to in his own curves in the first place is not very great, 
and secondly is I think most largely due to the mechanical irritation of 
cutting. 

Furthermore, the far greater power of a chemical stimulus -acting 
peripherally than one acting centrally will largely affect the result 
of these experiments. 

In conclusion I would protest against the commonly received state- 
ment that the action of chemical stimuli is always one of desiccation. 
It is perfectly true that mere drying acts as a powerful stimulus, and it 
is more than probable that such substances as glycerin produce their 
effect in a similar manner. But when the actions of a 10% solution of 
sodium chloride and a 10°/, solution of potassium chloride are compared, 
—the vigorous response in the one case and the almost entire absence 
of response in the other, —it seems evident that the sodium must exert 
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a specific as well as an osmotic influence, and it is in this case the 
former which acts as the stimulus. 

I would briefly summarize the above results as follows: 

1. The central portions of motor nerves are much less irritable than 
the peripheral by chemical stimuli, though they are sooner killed by 
their action. (Sciatic of frog.) 

2. The irregularity both in manner and extent of the muscular 
response to a chemical stimulus stands in marked contrast to the 
exceedingly regular response to electrical stimuli. 

3. Afferent nerves are almost unaffected by chemical stimuli. 
(Vagus of rabbit.) 

4. When a muscle is responding to the chemical stimulation of its 
nerve, and an interrupted electrical stimulus be thrown into the nerve 
higher up, the resulting muscular contraction is only slightly less than 
would have been produced by the major stimulus acting alone. 

5. When two chemical stimuli are thrown into a motor nerve at 
the same time the effect of the peripheral stimulus is very little affected 
by the presence of the central stimulus; and when that is removed the 
contraction (neglecting the result of mechanical irritation) if altered 
becomes less and not greater than when both stimuli were acting. 
(Sciatic nerve of Rana temporaria.) 

I think the present state of our knowledge in regard to chemical 
stimuli leads to the conclusion that the nerve impulse which connects 
the causal stimulus with the resulting contraction is of quite a different 
nature in the cases of chemical and electrical stimuli, — 

Further than this it would be premature to theorize. 


My warmest thanks are due to Professor Griitzner for his kind help 
and advice in carrying out the above research. 


Articles by Griitzner to which reference has been made: (1) “Uber 
verschiedene Arten der Nervenerregung.” Pfliiger’s Archiv, 1872, Bd. xvn. 
p. 215. (2) “Uber chemische Reizung motorischer Nerven.”  Pfliiger’s 
Archiv, 1892, Bd. ti. 3 and 4. 
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Fig. 1. Respiration curve of a large Rabbit, in which the left vagus has 
been cut. At a@ the curve under these conditions is seen. At A 18—/. an 
interrupted stimulus is applied to the central end of the left vagus with the 
characteristic quickening of the curve. At ö the central end of the left vagus 
has been acted on for 17 minutes by a 10°/, solution of sodium chloride. At 
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A 10—/. an interrupted current is substituted for the chemical stimulus, with 
an effect similar to that before produced. But at A 10—/ the coils are 
10 cm. apart while at A 18—/ they are 18. 

Fig. 2. Griitzner’s apparatus for application of chemical stimuli. The 
outer square is a piece of glass, the inner one a piece of cork which has a hole 
b and two bits a and e gouged out of it. 

The muscle is attached by the femur in the clamp d, while the tendo 
Achillis is attached to the hook of a r yograph at ¢. The nerve lies across 
c, ö, a. 6 contains cotton-wool soaked in normal saline, whilst other chemical 
stimuli can be applied at e and à in a similar manner. The cork and glass 
are covered with paraffin to prevent the fluids from running together. 

Fig. 3. Result of cutting a chemically stimulated nerve near the muscle. 

The horizontal line is the original abscissa, the muscle not having 
responded at all to a 10°/, sodium chloride stimulus applied all along the 
nerve. Ata the nerve is cut below the stimulus and after a double rise, due 
to the mechanical irritation of cutting, the curve falls to an abscissa consider- 
ably lower than the original one. i 

Fig. 4. A curve showing the action of an electrical stimulus on a 
chemical tetanus. At a is shown the height of curve executed in response to 
the interrupted current acting alone the coils, being 9 centimetres apart. 
The horizontal dotted line is merely for the sake of comparing the height of 
the curve with the rise at a. The wavy line represents the reaction of the 
muscle to peripherally placed sodium chloride (10°/,), This portion of the 
curve is uniformly shortened (} length of the corresponding portion of actual 
curve) but the height is that actually obtained throughout. The height of the 
rises produced by the induced current is indicated at intervals, ö, c, d, e, /, g, 
h, k, m, by a double line representing the rise and fall of the extra tetanus. 
The figures beneath the abscissa line are the centimetres at which the coils of 
the induction apparatus were apart. 

The interrupted current was in each of these cases applied only long 
enough for the height of the rise produced by it to be clearly shown. The 
vertical curved dotted lines merely represent the lines up and down the lever 
would have travelled if executing a response to the electrical stimulation 
alone. ee the portion of the 
curve exhibited. 


1 In the process of engraving the curve as above described has been still further 
uniformly reduced, so that as it now stands the horizontal ee ay ee 
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RESEARCHES ON THE STRUCTURE AND FUNCTION 

OF THE MAMMALIAN HEART. By A. F. STANLEY 

KENT, MA., Magdalen College, Ozford. Assistant to the 

; Waynflete Professor of Physiology in the University of Oaford. 
(Pl. XII.) 


Object of the Research. 


THE views held by physiologists concerning the mode of action of the 
Mammalian heart have been based upon the assumption put forward in 
various books and papers dealing with the subject, that there exists a 
| profound difference between the hearts of the lower vertebrates on the 
1 one hand and the hearts of mammals on the other. And this difference 
is supposed to be of such a kind as to entirely prevent a similar ex- 
planation of certain cardiac phenomena being accepted in the two cases. 
Briefly the phenomena in question are concerned with the passage of . 
the wave of contraction over the auriculo-ventricular groove, an ex- 
planation being required of the mode in which an auricular contraction 
is able on arriving at the groove to initiate a contraction of the ven- 
tricle. In cold-blooded animals there is no difficulty in finding a J 
satisfactory explanation, inasmuch as it is well known that the muscular 4 
0 tissue constituting the various chambers of the heart is in these ; 
animals perfectly continuous from the sinus venosus through the a 
| auricles into the ventricle, and the explanation of the passage of a wave | 
of contraction over the various chambers is upon exactly the same 
footing as the explanation of the passage of a wave of contraction along = 
any other continuous stretch of muscular tissue. 

With the mammal, however, the case has up to the present 
appeared to be different, inasmuch as no such continuity has been 
known to exist, but on the contrary a distinct break has always been 
described as existing between the muscular fibres of auricle and 
ventricle. The existence of this break has rendered inadmissible any 
explanation which depends upon muscular conduction and has placed 
the phenomenon in the mammal upon an entirely different footing to 
4 PH, XIV. 17 . 4 
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that which it occupies in the frog. Moreover it is extremely difficult 
to formulate any theory that shall adequately explain all the observed 
phenomena, and whilst much ingenuity has been exercised in attempt- 
ing such explanation, any exhaustive examination of the relations of 
structures actually existing at the auriculo-ventricular junction appears 
to * been neglected. 


Historical. 


It has long been known that the various chambers of the heart in 
the lower vertebrates are made up of a mass of muscular fibres 
intermediate in structure between the ordinary striated fibres of the 
voluntary muscles and the non-striped muscle which is found in many 
of the viscera’. It is further well known that the fibres of which the 
various chambers are built up whilst having many characters in 
common, yet differ to a certain extent, and a regular series can be 
recognised, the fibres taken from the auricles presenting characters 
intermediate between those of fibres taken from the sinus on the one 
hand and the ventricle on the other. The general type of these fibres 
is represented by a long, slender, nucleated, spindle-shaped cell in the 
frog, and these cells closely resemble non-striped muscular fibres, save 
that they are somewhat larger and that their substance is transversely 
striated, the striation being due to alternate dim and bright bands. 
Like the plain muscular fibre, the cardiac muscular fibre has no distinct 
sarcolemma. The fibres of the auricle are more usually branched than 
those found in the ventricle, and many become so extensively branched 
as to be almost stellate’. Amongst the striated fibres are found plain 
muscular fibres and these increase in relative number along the roots 
of the great veins, until nothing but plain muscle is to be found. 

In the bulbus arteriosus are found fusiform fibres which close to 
the ventricle are striated, but at a certain distance from the ventricle 
pass into fusiform fibres having the characteristics of plain muscle. 

In the case of the mammalian heart, both the auricles and 
ventricles are formed of bundles of muscular tissue, bound together by 
connective tissue and arranged in a very complex system of sheets. 
The histological unit of these muscular bundles is a prismatic nucleated 
cell, provided usually with one or more broad lateral processes. No 
definite sarcolemma is present; the protoplasm of the cell is trans- 
versely striated, the striations being due as in skeletal muscle to 


1 MacWilliam. This Journal, Vol. rx. p. 186. 
 * Foster. Tezxt-book of Physiology. 
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alternate dim and bright bands. These cells are joined at each end by 
| cement substance to other similar cells, and by the junction of the 
lateral processes of neighbouring cells a network is formed. Networks 
| of a higher order are formed by the weaving together of these fibres 
and bundles of fibres by means of connective tissue in which run 
| vessels of various sizes. The sheets or bundles composed of such net- 
works are arranged in a complex manner both in auricle and ventricle’. 
Plain muscular fibres are frequently found under the endocardium and 
similar fibres are said to spread from the endocardium into the auriculo- 
ventricular valves, 
So far then as the histological unit is concerned, the differences 
between the mammalian and non-mammalian heart are comparatively 
| slight, both being composed of more or less obscurely striated, nucleated, 
granular cells of elongated form, woven into bundles and arranged as 
more or less complicated networks which form the walls of the cardiac 
chambers. In both also are found plain non-striped muscle cells, and 
in both connective tissue is found binding the bundles together. It is 
however when the arrangement of these bundles is studied that 
important differences are seen, for whilst in the frog’s ventricle the 
fibres are woven into an intricate spongework devoid of blood vessels, 
in the mammal’s ventricle the sheets of muscle are arranged in a very : 
complex but perfectly definite series of layers, these layers being 
continuous one with another at the apex, and, according to Pettigrew, : 
at the base also. He says, “Unlike the generality of voluntary f 
muscles, however, the fibres of the ventricles, as a rule, have neither 
origin nor insertion, i.e. they are continuous alike at the apex of the 
ventricles and at the base“ That this is not always the case, however, 
will be evident from some facts that I shall have to state farther on. ) 
Besides this difference in general arrangement, a more special and 4 
functionally far more important difference is said to exist in the relation 
of the muscular fibres of the auricle to those of the ventricle. In the ü 
case of the frog and in non-mammalian animals generally, there exists : 
between the different chambers a complete muscular continuity, 
bundles of fibres running from the sinus to the auricles and from 
auricles to ventricle’, 
In the mammal a very different arrangement is described. And a 
writer who perhaps has devoted more attention to the arrangement of 2 
1 Foster. loc. cit. 


2 Physiology of the Circulation, p. 192. 
* MacWilliam, We. cit. 
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the muscular fibres of the heart than any other, states emphatically 
that the auricles are anatomically distinct from the ventricles, and he 
states in proof of this, that in boiled hearts the auricles and ventricles 
may be separated from each other without rupturing a single fibre’. 
The proof appears to me to be far from conclusive, for in addition to 
the difficulty of distinguishing the presence of isolated muscle fibres 
with absolute certainty even under ordinary circumstances, it is 
probable that in the process of boiling, both the muscular fibres would 
become less easily recognisable and the swelling up of the fibrous tissue 
would mask, and perhaps even rupture, any slender fibres that might 
exist. | 

More recently another writer has stated that “in the mammalian 
heart the structural connection of the great veins with the auricles is 
essentially similar to what obtains in cold-blooded animals, inasmuch as 
there is muscular continuity between the venous and auricular walls ; 
the problem as to the mode of propagation (of the wave of contraction) 
may be said to stand on the same footing as in the lower vertebrates. 
But the question as to how the contraction is propagated from auricles 
to ventricles stands on an entirely different basis, inasmuch as the 
structural relations of these parts to one another are entirely different. 
Instead of complete muscular continuity throughout the 
heart, there occurs in the mammalian heart a distinct 
break—a distinct interval—between the muscle of the 
auricles and the muscle of the ventricles. The auricular 
fibres and the ventricular fibres belong to systems of 
their own, and are separated by a considerable amount 
of connective tissue at the auriculo-ventricular junction. 
The part where the auricular and the ventricular muscular fibres are 
most closely approximated, is at the base of the auriculo-ventricular 
valves, but even in that situation there is a distinct want 
of continuity, a well-marked separation between the auri- 
cular and ventricular systems*.” 

Similar statements are also to be found in the text-books*. And 
this view of the relation of auricle to ventricle must render inapplicable 
to the mammalian heart the hypothesis which perhaps seems to best 


1 Pettigrew. loc. cit. 

2 MacWilliam. This Journal, rx. 187. 

* Gray’s Anatomy, Edition 11, p. 841. Ellis, Demonstrations of Anatomy. Landois, 
Text-book of Human Physiology, translated by W. Stirling. 
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explain the passage of the wave of contraction over the auriculo- 
ventricular groove in the hearts of cold-blooded animals. 

It has been urged by Gaskell! that in the heart of the tortoise the 
ventricle contracts in due sequence with the auricle because a wave of 
contraction passes along the auricular muscle and induces a ventricular 
contraction when it reaches the auriculo-ventricular groove, that is to 
say, the contraction is propagated over the heart by muscular con- 
duction ; and although other observers are inclined to think that in 
consequence of the complex way in which the finest nerve fibres ramify 
among the muscular fibres, it is impossible to exclude the possibility of 
an important conducting function being discharged by these nerve 
fibres, yet the phenomena observed agree so closely with those seen 
during the passage of the wave of contraction over any other continuous 
muscle that it is impossible to conceive of the muscular fibres at the 
groove as being entirely passive in the matter and the nerves as being 
all important. Moreover there is evidence to show that at all events 
the larger intracardiac nerves and the ganglia are not at all necessary 
for the efficient propagation of the contraction. But in the mammal 
any explanation based upon muscular conduction is excluded, and we 
are thrown back upon some other explanation. Hypotheses have been 
put forward depending upon electrical, mechanical, and nervous causes, 
and whilst the electrical and mechanical explanations are often in- 
genious, it is probable that most weight has been given to explanations 
depending upon nervous agency. In the early days of physiology before 
the continuity of the cardiac muscular fibres was fully appreciated, 
arguments were given and experiments made to show that the con- 
traction passed from fibre to fibre in consequence of a mechanical 
stimulus given by the contraction of one fibre to the nerve fibres 
supplying the muscle fibre next in order. And to explain the trans- 
mission of the wave over the auriculo-ventricular groove, it would have 
been necessary merely to suppose a slight lengthening of these 
connecting nerve fibres to take place. But since it soon became 
evident that under certain conditions the different parts of the heart 
were able to contract singly and separately, it was seen that the 
conception of a peristaltic wave did not quite meet the requirements of 
the case, and Schiff concluded that the loss of time between the 
auricular and ventricular contractions was due to a delay in the nervous 
impulse reaching the ventricle, although it was started from the venous 


1 This Journal, rv. 64. 
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sinus at the same time as the impulse for the auricle; that is to say, 
that by some means the impulse travelling from the venous sinus 
towards the ventricle is blocked and in consequence takes effect at a 
later moment than the impulse, simultaneously generated, which passes 
to the auricle. 

Lately a modification of this view has been held, and the co- 
ordination of the auricular and ventricular contractions has been 
regarded as being largely dependent upon the action of nerve cells in 
the substance of the heart. 

But as above stated, there is evidence to show that the ganglia are 
non-essential. 

And the evidence in favour of a mechanical or electrical explanation. 
of the propagation is equally unsatisfactory. For in the case of that 
hypothesis which seeks to find in the increase of ventricular blood 
pressure consequent upon the auricular contraction, an efficient cause 
for the ventricular contraction, we are met by the difficulty that even in 
an empty heart the same sequence occurs. Moreover Wooldridge 
and Tigerstedt have made experiments in which, after physiologically 
disconnecting the ventricles from the auricles (by crushing or cutting 
the auriculo- ventricular junction) without materially interfering with 
the flow of blood through the cavities of the heart, they found that the 
ventricles exhibited a rhythmic action quite independent of the auricular 
action; a ventricular beat did not follow each auricular beat as in the 
normal heart. And although it is possible that the excitability of the 
ventricular tissue may have been modified by the operative interference, 
yet it is hardly probable that the whole result was due to such 
modification, inasmuch as in the intact heart the ventricular sequence 
often “ persists with complete regularity even after the ventricles have 
suffered a very decided diminution of their irritability.” 

It has been suggested that the electrical variation of the auricle 
might act as a stimulus to the ventricular muscle, but in the first place 
the auricular current is very weak, and in the second, the sequence is 
not interfered with when precautions are taken to short circuit the 
current by immmersing the heart in mercury. 

It has also been suggested that the ventricular sequence may be due 
to the mechanical excitation of the ventricular fibres by the contraction 
of the auricle—or rather by the contraction of the muscular fibres of the 
auriculo-ventricular valves—pulling upon the chord tendinee. 

MacWilliam however, has made experiments in which the chorde 
tendinem were severed by making a section across the upper part of the 
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ventricles so as to leave the upper third of the ventricles in connection 
with the auricles. In a heart thus operated upon, in which the chorde 


were completely divided, the sequence continued unimpaired for a 


considerable time, and in addition to this, artificially excited con- 
tractions of the auricles could be propagated to the ventricles and 
similarly artificially excited contractions of the ventricles could be 
propagated to the auricles. 

From what has been said it will be evident that it is impossible to 
account for the normal sequence of ventricular upon auricular beat 
upon purely physical grounds, but I do not draw from this the con- 
clusion that the propagation of the contraction from auricles to 
ventricles is effected through the nerves that pass between these parts, 
but rather that the knowledge that we have up to the present time 
possessed, has been insufficient to enable us to explain aright such 
propagation. 

Accordingly, I have recently made experiments with the object of 
increasing our knowledge of the structure of the heart, and have 
described in the following pages the results of such experiments and the 
conclusions respecting the passage of the wave of contraction over the 
auriculo-ventricular groove which these results have led me to adopt. 


RESULTs OF EXPERIMENTS. 


The experiments have been made upon Monkeys, Dogs, Cats, 
Guinea-pigs, Hedgehogs, Rabbits, and Rats, and in almost all cases 
animals of various ages have been used. 


Histoloaeal 


In commencing an inquiry of this sort, it is natural to look for help to 
the embryological development of the organ in question. 

Comparing then the development of the heart in Amphibia and 
Mammalia, it is seen that in the former the heart originates as a 
tubular cavity in the splanchnic mesoblast, the walls of the cavity being 
formed of two layers, an outer thicker layer, which gives rise to the 
muscular wall and peritoneal coverings of the heart, and an inner 
lamina which is the epithelial lining of the heart. In the mammals, in 
which the heart is formed before the conversion of the throat into a 
closed tube, the heart arises as two independent tubes which eventually 
coalesce into an unpaired structure. By becoming twisted upon itself 
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and divided by constrictions and septa, the muscular tube becomes 
converted into the multilocular heart of the adult. 

This being the course of development, it would appear that by 
taking a sufficiently early stage it should be possible to obtain a 
condition in the mammal comparable to the condition permanent in 
the frog. —a condition that is, in which the primitive continuity of the 
outer thicker wall of the tube should be preserved as a continuity of 
muscular fibres throughout the heart, a condition earlier than that in 
which the separation between the auricular and ventricular systems of 
muscular fibres (supposing such to occur) takes place, And for the 
purpose of seeking such a condition it is desirable that some animal be 
taken in which at birth the foetus is in a comparatively rudimentary 
condition. Such an instance occurs in the case of the rat, the young of 
which animal are born in an early stage of development, and accordingly 
my earliest observations were made upon newly-born rats. And it soon 
became manifest that in this animal at any rate a condition of things 
obtains which is strictly comparable to that found in the frog, for instead 
of the bundles of muscular fibres belonging to the auricle being sharply 
marked off from those belonging to the ventricle, the very reverse is the 
case, the fibres being quite continuous and streaming through at the 
junction of auricles and ventricles as a strand of considerable size. 

Fig. 1, Plate XII., represents part of a coronal section of the heart of 
a newly-born rat, the point of junction of the auricle and ventricle 
having been photographed. It is seen here that the cells forming the 
mass of the ventricular wall are somewhat different from the usual 
form of cardiac muscular fibres, being more fusiform and having more 
sharply tapering ends. The nuclei also have a more or less pronounced 
fusiform outline and strongly resemble the nuclei of non-striped muscle 
cells. At the upper part of the ventricle and in the angle formed by 
the auricular wall the muscular fibres of the ventricle are seen to have 
a direction somewhat different to that taken by the auricular fibres, 
but at about the centre of the isthmus the auricular fibres are seen 
to sweep freely down into the substance of the ventricular wall and 
other fibres are to be observed coursing from the auricle into the basal 
part of the valve. At this stage therefore it would appear that a 
muscular continuity exists between the auricle and ventricle, and also 
between the auricle and base of the auriculo-ventricular valve. Of this 
last I shall speak later. 

Having then established such a muscular continuity between auricles 
and ventricles in the case of rats newly born, it remained to determine 
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(i) whether this continuity became obliterated during growth and, in 
the case of this being established, (ii) the exact time at which such 
_ obliteration occurred. And for this purpose a series of animals was 
taken, of ages varying from two days up to maturity, and sections were 
prepared, for the most part as complete series right through the heart, 
the small size of the organ in the younger stages allowing this to be done 
with comparative ease. 

The result of a careful study of these series has been to convince me 
that although a considerable development of connective tissue may take 
place in the region of the auriculo-ventricular groove, yet even in the 
adult animal a strongly marked band of muscular tissue remains and 


preserves the integrity of the muscular connection between the two 


chambers of the heart. And that this connecting sheet of muscle 
extends over a considerable distance is proved by the fact that it is 
plainly visible in a large number of sections in any one series, and 
moreover it is met with over a considerable area of the auriculo- 
ventricular groove; thus, it may be mentioned that frequently in a 
single coronal section the connection may be seen between the outer 
(left) wall of the left ventricle and the left auricle, between the septum 
ventriculorum and the auricle, and between the right wall of the right 
ventricle and the right auricle. 

Tn the case of the junction between the septum ventriculorum and 
the auricle the fibrous tissue of the base of the valve penetrates a com- 
paratively short way into the muscle, and in the deeper parts the fibres 
sweep uninterruptedly through from auricle to ventricle. The same 
state of things may be proved to exist where the right ventricle 
becomes continuous with the right auricle. . 

In the case of other animals the conditions appear to be somewhat 
similar, though in few animals have I found the fœtal condition so well 
preserved in the adult form. In the young rabbit of two days old for 
example, the auricular fibres are seen sweeping down to the outer side 
of the fibrous ring and becoming continuous with bundles belonging to 
the ventricular system. The connection also exists on the right side of 
the heart between the right auricle and ventricle, and also in the 
septum to the right side of the ring bearing the mitral valve. The 
connective tissue forming the roots of the fibrous ring spreads out in a 
fan-shaped mass from the base of the valve, where it is very much 
condensed and forms a firm support for the segments of the valve. 
It appears to me that this condensation of fibrous tissue is due to 
an increase in the amount of connective tissue normally present 
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between the muscular bundles, and that its purpose is to afford a fixed 
point for the-attachment of the auriculo-ventricular valves. And here 
it may be stated that Balfour is in error when he describes the valves 
as having no muscular connection with the walls of the heart. He 
says:“ In the primitive state the ventricular walls have throughout a 
spongy character; and the auriculo-ventricular valves are simple 
membranous projections like the auriculo-ventricular valves of Fishes. 
Soon, however, the spongy muscular tissue of both the ventricular and 
auricular walls, which at first pass uninterruptedly the one into the 
other, grows into the bases of the valves, which thus become in the 
main muscular projections of the walls of the heart. As the wall of the 
ventricle thickens, the muscular trabeculæ, connected at one end with 
the valves, remain at the other end united with the ventricular wall, 
and form special bands passing between the two. The valves on the 
other band lose their muscular attachment to the auricular walls.” 

It is quite possible that the above description may be correct for 
certain animals, but it is undoubtedly the case in many of the animals 
that I have already examined that the auriculo-ventricular valve retains 
its connection with the muscular system of the auricle, a well-marked 
bundle of muscle fibre often running from the auricle and penetrating 
the upper part of the valve for a considerable distance. The muscular 
bundles of the ventricle, on the other hand, appear to stop short when 
they reach the dense connective tissue forming the root of the valve, 
and the fibrous stroma of the under surface of the valve appears to be 
largely reinforced by a special development of connective tissue lying 
immediately beneath the endocardium. | 

It has been said that the muscular continuity between auricles and 
ventricles persists in the adult hearts of all the animals that have yet 
been examined, but it must be understood that very considerable 
differences exist in the perfection of this connection, or rather in the 
number of fibres running from the one chamber to the other, and also 
in the exact mode in which the connection is brought about. In the 
monkey, for instance, it is far more difficult to find a point at which a 
considerable number of fibres cross the groove than is the case in the 
rat, and in addition to this almost every animal examined, whilst 
agreeing with the general type in possessing a more perfect muscular 
connection in the early than in later stages, yet presents, in the adult, 
certain peculiarities in the structure and distribution of the connecting 


fib 
Te he ane for example, we find that the fibrous ring is 


* 
as 
5 
4 
* 


MAMMALIAN HEART. 243 


more developed than was the case in the rat, but just as in that 
animal a portion of the muscle of the auricle sweeps through uninter- 
ruptedly into the ventricle, the principal difference between the two 
cases being in the number of fibres forming the connection. And in 
the Hedgehog the arrangement is very similar. 

It is in the Monkey, however, that we find the most marked 
departure from the fœtal type of arrangement. In this animal the 
fibrous ring has attained a very perfect development and it is only 
here and there that places can be found to show the passage of 
muscular fibres across the groove. Such places nevertheless can always 
be found by a careful search, and I have no hesitation in affirming that 
a connection always exists. In many preparations I have traced the 
fibres the whole distance and assured myself that the connection is 
perfect. 

But in addition to this comparatively simple mode of connection, 
we have in the Monkey remarkably well developed a second and far 
more complicated system of communicating fibres, indications of whose 
presence we may find lower down in the scale, inasmuch as they 
are recognisable even in the rat. For upon looking carefully at a 
favourable preparation of the heart of this animal it will be noticed 
that lying on the borderland between the undoubted muscle on the 
one hand and the connective tissue on the other, and even pene- 
trating the latter sometimes to a considerable distance there may be 
distinguished cells which whilst certainly not belonging to the connec- 
tive tissue, yet differ very markedly from the muscle fibres in the 
immediate neighbourhood. Briefly, these cells are usually spindle 
shaped, nucleated, granular and often transversely striated and are 
obviously a form of muscular tissue intermediate between ordinary 
cardiac tissue and plain or non-striated muscle. Sometimes even in 
the rat these cells are seen to present indications of branching and 
sometimes extend almost completely through the fibrous ring. 

In the Monkey these fibres are far more perfectly developed and 
present a complete network permeating the fibrous connective tissue 
and extending through from auricle to ventricle. Not only are these 
fibres present in the connective tissue but the normal cardiac muscle on 
approaching the groove appears to split up into similar fibres and 
becomes connected with the network of cells previously mentioned, and 
in this way a second system of communicating fibres is established 
between auricle and ventricle (see figures, Plate XII.) 

The mode of connection of the typical cardiac tissue with this 
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Fie. 1. 

Sketch of the section of heart of adult Rat, showing junction of right auricle and 
ventricle. In the upper part of the figure is the outer wall of the right auricle, below and 
to the right is the wall of the right ventricle, and below and more to the left is the mass 
of tissue from which springs the auriculo-ventricular valve. The cavity of the heart is to 
the left. It is seen that a band of muscle runs almost completely round from auricle to 
ventricle, bordering closely upon the cavity of the heart. At the lower part this band 
becomes continuous with a network of branched muscle cells lying in the interval between 
auricle and ventricle. These branched fibres become continuous on the right with the 
muscular tissue of the ventricle. 


4 
> 
* 
ig 
: 
} 
“ 
J 
* a — 
t 
3 
7 


MAMMALIAN HEART. 245 


system of branching cells appears to be slightly different in the auricle 
and ventricle. In the auricle comparatively large bundles of fibres 
suddenly split up into a number of radiating branches and often present 
the appearance of a more or less stellate mass of fibres lying at the 
edge of the fibrous ring. The branclres become further divided up and 
are continuous with elongated cells forming part of the network. In 
the case of the ventricle on the other hand as the bundles approach the 
fibrous tissue the direction of their fibres becomes more and more 
parallel, and they finally reach the “ring” as long leashes of very fine 
fibres which become more slender as they penetrate the fibrous tissue 
and finally come to consist of a few fibres only. Meanwhile these 
fibres have been undergoing modification from the ordinary type of 
cardiac muscle fibre and have taken on the form of elongated and very 
slender fibres with finely tapering ends. The transverse striation is well 
seen. The muscle is continued through the fibrous tissue for some 
distance as bundles consisting of 3-6 such fibres and then the number 
of fibres becomes still farther reduced to 2-3. These sometimes become 
branched, separate from one another, and are continued as single fibres 
which run unaltered for some distance, then become branched again 
and anastomose with other similar fibres to form a fairly close network. 
The fibres are sometimes reduced to mere threads, bulging at every 
nucleus, but even in the thinnest parts the transverse striation is 
plainly visible. Occasionally at the point from which several branches 
start a nucleus lies imbedded in a mass of protoplasm of more or less 
quadrilateral shape. In other cases the protoplasm surrounding the 
nucleus may be fusiform, and in others again scarcely any protoplasm 
may be visible round the nucleus. 

The whole system of branching fibres appears to form a network 
continuous on the one hand with the muscle of the auricle and on the 
other with the muscle of the ventricle. 

It would appear then that the fact of two masses of 
muscle being joined together by fibrous tissue is in itself 
no argument against the muscular continuity of such masses, 
the fibrous nature of the intervening tissue by no means 
excluding the possibility of muscular fibres running through 
it and preserving the muscular connection. 

And in the Mammalian heart such a connection appears 
to exist. 
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Fie. 2. 


A small portion of Plate XII., Fig. 4, drawn under the one-twelfth oil immersion, to 
the character of the muscular fibres lying in the fibrous tissue. They are seen to be some- 
times fusiform, sometimes much branched cells, the branches being either comparatively 
thick or tapering off to very fine threads, which again become larger, again branch, and 
are connected into a network with the branches of other similar cells. The nucleus 
usually causes a bulging of the cell. Transverse striation is usually very well marked. 
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Experiments on the living heart. 

Just as in the histological examination, so in the experimental my 
first observations were made on the hearts of young animals and, as 
was to be expected, a very close relation between structure and function 
was soon found to exist. 

In the first place it seemed reasonable to suppose that if the heart 
is to be regarded as an organ with complete muscular continuity of all 
its parts, an artificially excited wave of contraction would be able to 
pass over its substance not only in the direction taken by the normally 
occurring contraction from auricle to ventricle, but also in the reverse 
direction from ventricle to auricle. Such a mode of contraction has 
been described by MacWilliam as the result of a single mechanical 
stimulus, or of the local application of heat, to the apex of the ventricles 
in the intact normally-beating vigorous heart. 

In newly-born animals, in which the heart remains excitable for a 
considerable time after the death of the animal, I have found that such 
a mode of contraction may be induced with great ease, either by 
applying induction shocks to the apex of the ventricle at a rate slightly 
faster than the normal beat of the heart, or by passing induction shocks 
at any desired rate into the ventricle of a heart inhibited by vagus 
stimulation. It must be stated, however, that vagus stimulation was 
found to admit of the reversed beat being brought about only if just 
the right strength of current was used, and I have often found that 
after the vagus had been severely excited it was quite impossible to 
produce the reversed rhythm until the heart had to some extent 
recovered from the inhibitory effect. 

On the other hand, I have not observed the phenomenon described 
by some authors, of vagus stimulation being ineffective upon the hearts 
of newly-born animals. 

By adopting a similar method I have been able to produce in the 
hearts of adult animals a similar reversal of the normal beat, and this 
fact by itself appears to me to be a very strong argument for the purely 
muscular nature of the conduction of the wave of contraction across the 
auriculo-ventricular groove. For supposing that such transmission were 
due to nervous agency, it would be easy to understand how the im- 
pulses could pass along the nerve trunks in a direction opposite to 
the normal, but it is difficult to conceive of end organs which, whilst 
normally acting in one direction only, should be ready at any moment 
to act in a reversed direction and to so change their functions that 
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from receiving stations they should become transmitting stations, and 
from transmitting they should become receiving. 

And in order to throw more light upon this subject I have made 
some experiments which appear to me to give results which afford still 
stronger arguments against the nervous nature of the transmitting 
apparatus. 

The experiments were undertaken with the view of determining the 
time relations of the excitatory process passing over the auriculo- 
ventricular junction, as it appeared that in the event of the wave of 
contraction taking the same period of time to travel from ventricle to 
auricle as in the reverse direction from auricle to ventricle a further 
proof of the muscular nature of the path would be established. 

And the result of numerous experiments hag been to prove that 
whilst in certain cases an appreciable difference in the times has 
occurred, yet as a rule no such difference exists, and the time taken by 
the contraction in passing over the groove on one direction is sensibly 
the same as that taken in passing in the other direction. So that in 
this case also the evidence appears to point to a muscular, as dis- 
tinguished from a nervous, means of transmission. And more weight 
should perhaps be attached to these experiments from the following 
considerations. 

In the case of newly-born animals we have seen that as a rule a 
more perfect muscular connection between auricle and ventricle exists 
than is the case in the adult, and in accordance with this peculiarity of 
structure I have found that the time taken by the wave of contraction 
to pass over the auriculo-ventricular junction is less in the case of young 
animals than in the case of adults, thus indicating that in the former 
the short time taken is due to the perfection of the muscular connection 
and similarly the longer time taken in the latter is due to a less perfect 
connection. If then the perfection or otherwise of the muscular con- 
nection influences the time of transmission it is reasonable to suppose 
that the impulse is transmitted by the muscular tissue. 

Another observation that seems to afford an argument for the 
muscular nature of the path of transmission is the following. 

It is well known that in young animals the heart continues to beat 
for a considerable time after the death of the body, whilst in the case of 
adult animals under similar circumstances the heart ceases to beat 
almost immediately. In the latter case however although the whole 
heart does not beat and therefore one is apt to suppose that it has lost 
its automatism, yet close observation shows that the right auricle is 
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still active, and indeed may continue so for a considerable time. Is it 
not possible then that in the young animal the heart as a whole 
continues to beat because the contractions initiated at the venous end 
are able (in consequence of the very perfect muscular connection) to 
pass to the other parts of the heart whilst in the case of the adult the 
less perfect connection forms a block past which the contractions are 
unable to go? 

In the same way it may be possible to explain the pause which 
occurs between the contraction of auricle and ventricle as the result of 
the differentiation of the muscular tissue of the heart at the groove. It 
has been seen that in the newly-born animal a large number of un- 
differentiated fibres pass from auricle to ventricle and in accordance 
with this peculiarity of structure it has been seen that the time taken 
by the contraction to pass the groove in these animals is short. In 
older animals in which the number of fibres is less and in which the 
differentiation has taken place the time is longer; in adult animals a 
very pronounced modification of the form and arrangement of the 
muscular fibres found at the auriculo-ventricular junction has been seen 
to occur. It seems then not impossible that the object of the modifica- 
tion of the muscular elements at the junction of auricle and ventricle 
may be to delay the passage of the wave of contraction, which quite 
conceivably may meet with considerable resistance when it leaves the 
thick muscular fibres of the auricle and passes into the network of fine 
fibres described as occurring between these and the ventricular muscle. 
For any variation of structure naturally leads to a variation in function, 
such variation of function having a definite ratio (in respect of magnitude 
and direction) to the variation of structure. And it has been shown 
that the variation in structure of the muscular fibres at the groove is in 
the direction of non-striped muscle, and accordingly a variation of 
function also in the direction of non-striped muscle might reasonably be 
looked for. Such a variation would cause the tissue to conduct less 
rapidly, and slowness of conduction has been shown to be a characteristic 
of the muscular tissue in this situation. 

And Marchand’s contention, that the time which elapses between 
the excitation of the auricle and contraction of the ventricle is too long 
to be regarded as being occupied in the transmission of a wave of 
contraction along such a tissue as that formed by the muscular fibres of 
the ventricle, loses its weight; since we know that a bridge of tissue of 
far less conducting power is interposed in the path of the contraction 
and accounts for a large part of the time occupied. 

PH. XIV. 18 
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Moreover Gaskell has shown that in the heart of the tortoise after 
section of all nerves passing from sinus to ventricle a bridge of auricular 
muscle may be left over which the contractions pass without any 
modification. By gradually narrowing this bridge however an artificial 
block (complete or partial) may be introduced into the path of the con- 
traction, and under these conditions it is apparent that a wave of 
contraction passes from the sinus up that part of the auricle in 
convection with it as far as the bridge, and then after a slight pause 
down the part of the auricle in connection with the ventricle to the 
sulcus, where another pause occurs, and then the ventricle contracts. If 
the bridge of tissue is still further reduced it is seen that every 
contraction is not able to pass, but that every second contraction 
passes over and when it reaches the ventricle induces a ventricular 
contraction. | 

That is to say, by lessening the cross section of the muscular path 
over which the contraction has to travel we are able to imitate the 
natural pause which normally occurs at the auriculo- ventricular groove. 
And further than this, when the vitality of the heart is declining and 
the conductive power of the tissue at the groove is presumably less 
than normal, a condition is very often seen in which not every, but 
every second contraction of the auricle is able to induce a contraction 
of the ventricle; this corresponds with the condition described by 
Gaskell in the tortoise heart, in which the bridge of tissue was made so 
narrow that a similar block of every second contraction took place. In 
the one case the bridge is naturally somewhat narrow and a slight 
artificial diminution of conducting power is sufficient to interrupt every 
other contraction, in the other case the conductivity is naturally good 
and the artificial narrowing has to be pushed to an extreme to produce 
a similar effect. In both cases however the phenomena are similar. 

It has also been shown by Gaskell that in the case of the frog a 
similar block may be produced by a gradually increasing compression of 
the tissues at the auriculo-ventricular groove, and by a specially con- 
structed clamp he has been able to so apply the pressure to the excitable 


structures as to obtain results almost identical with those described 


above as the result of section in the tortoise heart. 

In the case of the Mammalian heart almost precisely similar results 
may be obtained by the use of a suitably constructed clamp, and using 
such an instrument I have been able to verify for the Mammal almost 
all the effects described by Gaskell as obtained in the frog. | 

It is thus seen that just as in the frog and tortoise so also in the 
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mammal an interruption, partial or complete, of the wave of contraction 
can be produced by artificial means, the necessary conditions being that 
the cross section, or the conductivity, or both, of the cardiac tissue 
forming the path of the contraction wave should be reduced. 

And by these means it is possible to arrange a condition of things in 
which the pause artificially produced presents characters almost indis- 
tinguishable from those of the pause normally taking place at the 
auriculo-ventricular groove. And the question irresistibly presents 
itself, Is not the pause naturally produved due to similar causes as the 
pause artificially produced? It has already been shown that the cross 
section of the muscular tissue at the groove is reduced (and it has been 
proved by Romanes in the case of Meduse that the rapidity of 
conduction varies directly as the sectional area of the conducting path) 
and it has been shown that its conductivity is diminished. Moreover it 
has been shown that these are the conditions necessary to produce an 
interruption of the contraction wave. It seems then impossible to come 
to any other conclusion than that the pause normally occurring at the 
auriculo-ventricular groove is due to the passage of the contraction wave 
over a muscular tract of reduced cross section and diminished con- 
ductivity. 

The conception of the structure of the mammalian heart put forward 
in this paper will necessitate a complete revision of our views of the 
mode of action of that organ so far as the transmission of the contrac- 


tion over the auriculo-ventricular junction is concerned. For whereas 
in the past it has been supposed that the mammalian heart differed 


from the heart of cold-blooded animals in having a complete break of 


muscular continuity between auricles and ventricles, it has now been 
shown that no such break exists, but that the auricles are connected 
with the ventricles both by strands of altered muscular tissue (specially 
well developed in the lower mammals) and by a more complex system 
of branching and anastomosing fibres which penetrate the fibrous tissue 
between the two chambers (specially well developed in the higher 
mammals). | 

Muscular continuity being established and a variety of observations 
on the living heart, such as the study of the reversed beat, the time 
relations of the reversed as compared with the direct beat, the time 
relations of the beat in animals of different ages, the effects of com- 
pression on the auriculo-ventricular groove, and the study of the beat 
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in the dying heart, all tending towards an explanation of the trans- 
mission of the contraction from auricle to ventricle as a case of simple 
muscular confluction, the ideas that have been held as to the nervous 
nature of thé transmitting apparatus become less necessary than up to 
the preseng-time they have been. The results of observations on the 
hearts of cold- blooded animals in which the muscular connection has 
long been known to exist become to a certain extent applicable to the 
heart of the mammal, and as has been seen, many of the effects 
obtained by artificial interference with the muscular structures existing 
at the groove in cold-blooded animals may be obtained with almost 
equal ease in the case of the mammal. The passage of a contraction 
over the auricular wall also has been proved to occur independently of 
the larger nerves, inasmuch as the contraction can pass over a zigzag 
strip of tissue made by a series of interdigitating incisions carried in 
any direction, and the free application of ammonia to all visible nerves 
does not arrest the contraction either in auricles or ventricles. The 
passage of the contraction over the cardiac tissue of the heart then 
appears to occur as a simple muscular wave, and the transmission of the 
contraction across the auriculo-ventricular groove appears to be of a 
similar nature. 3 

In a later paper I propose to deal with the exact localisation of the 
muscular connection between auricles and ventricles, and to describe 
the result of further experiments upon the functions of the mammalian 
heart. 


Methods, 


The method of staining that was found to give the best result was 
as follows:—the sections were lightly stained in picrocarmine, washed 
in water, dehydrated with alcohol saturated with pierie acid, cleared in 
oil of cloves, and mounted in xylol balsam, By this method the con- 
nective tissue was stained red, the muscular fibres a very characteristic 
brownish yellow, and the whole section was rendered so transparent 
that it was possible to follow individual fibres to a much greater 
distance than could have been done in glycerin or Farrant prepara- 
tions, For studying some special points, however, such as the branched 
fibres to be described later, it was found best to make use of prepara- 
tions stained with picrocarmine and mounted in Farrant’s medium. 

The photographs were made with the lenses AA, BB, etc. of Zeiss, 
with the homogeneous immersion system of one-twelfth in. focus, and 
the apochromatic objectives of 16 mm, and 4mm, focus, The projection 
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eyepiece No. 2 was used and all the photographs were taken by the 
arrangement of apparatus made use of in the Physiological Laboratory 
at Oxford. The drawings have been made by the aid of the new form 
of Abbe’s camera as manufactured by Zeiss, and the lenses used have 
been those mentioned above. 


The graphic records have been made by means of a specially devised — 


form of recording apparatus consisting of a glass plate fixed in a brass 
frame which can be moved at any desired speed by water pressure. 
The levers used were also specially devised to avoid “loss of time” and 
also to work with as little friction as possible whilst still giving a very 
perfect trace. 

The exciter used was a Bernstein’s differential rheotome, the galva- 
nometer blocks being thrown out of gear and the exciting contact alone 

For the use of this apparatus my best thanks are due to Prof. 
Burdon Sanderson, who has also given me much valuable advice 
during the course of the investigation. 

I wish also to record my indebtedness to Prof. Gotch, who has 
given me many useful suggestions. 


EXPLANATION OF PLATE XII. 


Fig. 1. A photograph of a section of the heart of a young Rat, showing 
junction of left auricle and left ventricle. The auriculo-ventricular valve is to 
the left. It is seen that the muscle fibres of the auricle are continuous with 
those of the ventricle on the one hand, and with those of the valve on the 
other. Stained carmine. 

Fig. 2. Photograph of section of the heart of adult Rat. Shows junction 
between left auricle and left ventricle. The lower mass of muscular tissue is 
a part of the wall of the left ventricle, aud at the upper part of the figure and 
to the left is a part of the left auricle. There is no interruption of muscular 
continuity. Above and to the right is a blood-clot in the auricular cavity. 
Stained logwood. 

Fig. 3. Photograph of a section of heart of adult Rat, showing junction 
between auricle and ventricle. The auriculo-ventricular valve is to the right 
of the figure. 

Fig. 4. Photograph of fibrous tissue at auriculo-ventricular groove in 
heart of Monkey. Shows the branched and very slender muscular fibres 
imbedded in the fibrous tissue, and their connection with the fibres of the 
ventricle. To the left of the figure the network is fairly dense, on the right 


the fibres are somewhat thicker. At the lower part of the figure the mode 
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of termination of the ventricular fibres is well seen. A process-block of a 
drawing of this section has been printed with the text. 
Fig. 5. Photograph of auriculo-ventricular groove in heart of Monkey. 
This figure shows the way in which the auricular fibres branch on reaching 
the fibrous tissue. At the lower part of the figure on the right a stellate mass 
of auricular muscle is seen, some of the fibres of which become continuous 
with some of the scattered branched muscle cells lying in the fibrous tissue. 
At the top of the figure the tapering terminations of the ventricular bundles 
are seen, and on the right a few of the branched fibres lying in the fibrous | 3 
tissue. 


Fig. 6. Photograph of auriculo-ventricular groove in heart of Monkey. : 
Shows the way in which the auricular muscular tissue becomes broken up | V 
into stellate masses as it approaches the fibrous tissue, and the manner in 
which these stellate masses become connected with one another by lateral 
branches. To the right of the figure a few branched cells are seen. 


Reference Letters. 
A. Auricle. L. F. Left Ventricle. 
F. Ventricle. Val. Valve. 


L. 4. Left Auricle. F. T. Fibrous Tissue. 


Oxrorp, March 1892. 
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NOTE ON THE SPINAL PORTION OF SOME ASCEND- 
ING DEGENERATIONS. By C. S. SHERRINGTON, 
M.A, MB. (Pls. XIIL—XVIIL) 


(Physiological Laborutory, St Thomass Hospital, London.) 


THE following account consists chiefly of anatomical notes on three 
experiments performed in Macacus Rhesus. 


EXPERIMENT I. On September 23rd, 1887, the right edge of the 
spinal cord was exposed below the atlas vertebra and the rootlets of the 
dorsal root of the right 2nd cervical nerve were divided with fine curved 


This is the spinal root on which the classical degeneration experiments of 
Waller were performed (in Cat). Its sensory division is particularly large, 
and is, in Macacus as in Man (Swan, Henle), the topmost of the cutaneous 
spinal, so that its skin-field abuts immediately on that of the cranial Vth. 
According to the older nomenclature used by Swan, etc. this is the first cervical 
nerve, what is now called Ist being termed suboccipital. In the Dog Singer 
and Münzer (Wiener Denkschr. 57, 1891) figure excellently a degeneration 
of this root in the posterior column but give little further description. 

The small operation was performed under anesthesia and with 
all antiseptic precautions. The wound, covered with a collodion 
dressing, was found healed when the dressing was removed, on 
the 8th day after the operation. On October 3rd the animal was 
carefully examined as regards paralysis or sensation. No abnormality 
was anywhere detected, with the exception that on the right side a 
narrow band in which seuse of touch was deficient extended along 
the lower jaw, included the lower part of the pinna and reached 
almost to the chin: October 10th, carefully reexamined, touch sensation 
seems certainly deficient in the situation above mentioned. October 31st 
the animal perfectly well. No abnormality detected anywhere; seemed 
to feel touch fairly well along each side of jaw: killed with chloroform. 
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Post mortem examination shewed the existence of a small lump of 
cicatricial tissue on the right side at the level of the right 2nd cervical 
nerve-root. The scar was adherent to the surface of the cord and 
seemed to pass into it. No nerve-rootlets could be seen entering it; it 
measured 3mm. in width by 4mm. in length. Where widest it em- 
braced the surface of the cord for nearly the whole width of the lateral 
posterior column. It did not appear to touch the median posterior 
column at all at any point. The edges of the scar merged in the dura 
mater. Above the scar the colour of the lateral posterior column was 
obviously paler on the right than on the left side. 

The cord was placed in 2°/, potassium bichromate and finally pre- 
served in alcohol. 

Microscopical Examination. At the level of the lowest t of the 
scar there is (Pl. XIII., Fig. 1) a wedgeshaped area of degenerafion with 
sclerosis at the outer free angle of the lateral division of the posterior 
column, involving nearly the whole width of the division of the column, 
and extending into the depth of the column as far as the apex of the 
substantia gelatinosa of the posterior horn. The sclerosis and the 
degeneration one millimeter higher is most dense in the portion 
abutting on the fissure between the lateral and posterior columns, and 
in a small part of that region no sound fibres at all are to be found. 

One millimeter higher. The area of degeneration and sclerosis is 
larger, and involves the whole depth of the lateral-posterior column 
from the surface to the grey matter at the base of the posterior horn. 
It does not at the base of the column quite reach the median-posterior 
column. The part abutting on the fissure between the lateral and 
posterior columns contains no healthy nerve-fibres. One millimeter 
higher. The width of the area of degeneration and sclerosis has at the 
base of the lateral-posterior column become greater, but it still does not 
pass into the median-posterior column. The area extends through the 
entire depth of the lateral-posterior column. The part adjoining the 
fissure between the lateral and posterior column contains no healthy 
nerve-fibres. The scar is here attached for a slight extent to the 
subpial membrane of the cord in front of the fissure, and the most 
posterior edge of the cerebellar tract, where it lies against the entrance 
of the posterior root, is degenerated ; a few healthy fibres existing among 
the degenerated. There is no obvious sclerosis here. One millimeter 
higher (Fig. 2). The width of the area of degeneration and sclerosis 
has at the base of the lateral-posterior column become greater, and 
reaches the outer edge of the median-posterior column. It passes 


1 
> 
a 
7 
~ 2 
a * 
— 
? J ~ ous 4 


ASCENDING DEGENERATIONS. 257 


through the entire depth of the lateral-posterior column. In the 
region abutting on the septum between the lateral and posterior 
column no healthy nerve-fibres are seen. The degree is greatest along 
the mesial edge of the cerviæ cornu posterioris, The tip of the dorsal 
apex of the lateral column is degenerated to the same extent as in the 
specimens from one millimeter lower down. 

Just below the pyramidal decussation (Fig. 3). The degeneration 
in the most lateral part of the lateral posterior column is very severe ; 
degeneration in that column occupies the whole width of its more 
superficial part, but becomes of slight intensity next to the septum 
dividing the column from the median posterior. The area of the whole 
right hand posterior column being taken as 415 (weight in lead foil), 
the portion of it containing signs of degeneration amounts to 267, and 
of this portion in an area of 57 the degeneration is very severe, ap- 
proaching absolute. The limits of the median posterior column are 
difficult to place exactly as to the deepest portion of the column, but 
its area will not be overstated if taken at 100. The result thus 
obtained is that a sixth part of the lateral posterior white column is at 
this level almost completely removed by degeneration, and that from 
little more than one-tenth of the whole area are signs of degeneration 
absolutely wanting. Degeneration also exists among the fibres of 
the fine-fibre tract (Lissauer’s tract) at the apex of the gelatinosa 
posterior. There is also a scattered ascending degeneration in the 
formatio reticularis lateralis. In the anterior column there is an as- 
cending scattered degeneration in its deeper part, as marked in the 
figure, where its considerable extent is obvious enough. 

A little way up the pyramidal decussation. The funiculus cuneatus 
(lateral-posterior column) contains except in that portion bordering on 
the dorsal limb of the substantia gelatinosa and in that portion next 
to the deep end of the funiculus gracilis (median-posterior column) 
a number of degenerated fibres; these are most numerous in the 
superficial portion of the funiculus. By a somewhat narrow isthmus 
of degeneration the degenerated area extends towards the grey matter 
of the here displaced posterior cornu. The degenerated fibres are not 
found distinctly in the grey matter at this level. Nowhere is there 
much sclerosis accompanying the degeneration, and nowhere is the 
degeneration absolute in character. The lateral portion of the more 
superficial part of the funiculus gracilis contains some degeneration. 
In the mass of mingled fibres of medium and small size which sur- 
rounds the dorsal and lateral aspects of the substantia gelatinosa there 
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are two degenerated fibres of large size. In the restiform body, which 
is here composed chiefly of the fibres of the direct cerebellar tract 
continued upward only a few degenerated fibres, not more than twenty, 
are detected. In the neighbourhood of the anterior grey horn the 
anterior column contains about a dozen degenerated fibres, and in the 
sections between those from the level now under description and the 
level described last the sections taken showed a larger number which 
constantly decreased as followed in the upward direction. 

At the level of the upper part of the pyramidal decussation (Fig. 
4) where the decussation of the fillet exists well marked, the area of 
degeneration in the right funiculus cuneatus in shape and extent differs 
little from that at the level just described. It has however a broader 
line of contact with the underlying grey matter at the base of what 
was the cornu posterius. From the lateral region of the funiculus 
four distinct chains of degeneration are to be seen passing in a slant- 
ing direction downwards and inwards and entering the grey matter. 
The degenerated fibres composing these chains are of large cross- 
section, so long as the chains lie in the white matter, but are for the 
most part of small cross-section where they lie in the grey matter’. 
I have been able to follow them for a comparatively short distance 
only into the grey matter. In the so-called ascending root of the Vth 
nerve degenerated fibres, two large and one small, are distinct. In the 
restiform body three degenerated fibres only are seen, and these lie 
just ventral to the little septum which forms the dorsal boundary 
of the tract. All the three fibres are quite large. In the funiculus 
gracilis some degeneration exists as at the lower level. The amount 
of degeneration is greatest in the lateral posterior angle of the funi- 
culus. The degenerating fibres are chiefly large-medium, but there 
are also some small. In the white matter ventral to the ventral grey 
horn are a few (9 detected) degenerating fibres; they are very scattered 
and all large. 

Level close above the pyramidal decussation; lower end of the 


nucleus hypoglossi. (Fig. 5.) The main degeneration, that in the 


funic. cuneatus, still presents the same general features as before. 

Although occupying nearly as wide a portion of the surface, it has 

become separated from the middle line by three times as great a 

distance as before. It extends much more deeply into the grey matter 

here than lower down. At this level grey matter pervades the deeper 

portion of the funiculus in scattered masses. It is usual to discriminate 
Cf. Sherrington, This Journal. Vol. XI. p. 399. 
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between the grey matter imbedded in the mesial portion of the funi- 
culus, and the grey matter imbedded in the lateral portion of the 
funiculus. The former scattered collection is denominated the nucleus 
cuneatus internus, the latter the nucleus cun. externus. This distinction 
is useful and is justified to some extent by the fact that a portion of the 
funiculus containing relatively little grey matter intervenes between 
lateral and mesial portions containing grey matter in greater abund- 
ance. This central portion of the funiculus may be referred to as the 
internuclear stratum. The degeneration touches the nucleus cuneatus 
internus very little. Degenerating fibres in large numbers surround 
and pervade the most dorsal half of the nucleus cun. externus, existing 
in large numbers in the inter-nuclear stratum, as well as in the part 

the funiculus which abuts on the most dorsal portion of the 
restiform body. A few are found almost as far ventral as the fine- 
fibred tract of the ascending root of the Vth. In the inter-nuclear 
stratum of the funiculus the fibres bordering the internal nucleus shew 
but few degenerations, though these few are scattered over a consider- 
able area. The more ventral side of the nucleus internus meets a region 


of fibres almost exclusively fine, and there the scattered degenerating — 


fibres not more than a dozen in number (11 detected) contrast with 
their surroundings by being all of large-medium size. 

In the peripheral white matter, largely mixed with grey, that 
intervenes between the mesial edge of the funiculus cuneatus and the 
middle line a few fibres degenerating are seen (13 detected); it is 
noticeable that of these the two lying furthest mesial are small, the rest 


In the extreme dorsal end of the section of the restiform body a few 
degenerating fibres are seen (8 detected). 

The area in which the degeneration approaches to being complete in 
character measures here less than a half (#) its area measured at the 
lower part of the pyramidal decussation. 

Immediately below the point at which the central canal opens into 
the floor of the IVth ventricle and where the central grey matter has 
already come well to the surface the degeneration has the following 
extent. (Fig. 6.) The degeneration in the funiculus cuneatus is con- 
siderably altered in relative position and in shape. Its share in the 
periphery is much lessened, partly by the restiform body having en- 
croached on its superficial aspect from the lateral side, partly by the 
degeneration itself being less in amount and having passed more into 
underlying grey matter. At this level the inter-nuclear stratum of the 
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funiculus cuneatus intervenes as a more definite mass of fibres between 
the internal and external collections of grey matter in the funiculus. 
The nucleus funiculus externus is divided into a main mass of 
fairly compact grey matter, with a large outlying grey islet at its 
dorsal end, and several other tiny islets near. A line of grey matter 
more or less continuous with the grey matter of the nucleus stretches 
as a clearly defined band parallel with the main mass of the nucleus and 
in contact with the deep edge of the section of the restiform body. 
The degeneration surrounds the nucleus externus ; it is greatest along 
the lateral and dorsal sides of the nucleus, least at its ventral end, 
where the large-fibred area meets the fine fibres of the ascending root 
of the Vth nerve. The degeneration involves to serious extent only 
the lateral part. A very few degenerating fibres are seen in the internal 
nucleus, and those few are widely scattered. One degenerating fibre 
lies in a mass of grey matter probably continuous with the nucleus 
gracilis. The restiform body contains very few degenerating fibres (six 
detected). 

From this level upward the amount of degeneration decreases with 
great rapidity. It ceases altogether at a height about one millimeter 
above the opening of the central canal of the cord into the cavity of the 
IVth ventricle. 

Longitudinal sections taken from the median plane of the bulb were 
carefully examined for signs of an extension of degenerated fibres from 
the right to the left half of the bulb. No passage of the median 
plane by the least trace of degeneration was detected. 

In interpreting the anatomical results above described it is to be 
remembered that the section of the extra-spinal bundles of the posterior 
roots in the cervical region involves their severance so close to the cord 
itself that the slight inflammatory change and the little scar produced 
is likely to injure the cord itself at the place of entry of the posterior 
rootlets into the cord. To this difficulty attending experiments on the 
cervical portion of the cord attention has been drawn by Tooth. In 
my experiment the tiny, but within its limits severe, degeneration in 
the dorsal part of the direct cerebellar tract is probably explicable as a 
complication due to the Tittle scar formed where the severed rootlets 
dipped into the substance of the cord. In the figures may be seen 
the position of the scar adhering to the surface of the cord over the 
point of degeneration in the cerebellar tract. If the scar extended 
thus ventrally it is difficult to believe that it did not probably extend 
dorsally as well. In the upper part of its extent it was adherent to the - 
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whole of the lateral half of the posterior surface of the posterior 
external column. If so it is fair to suppose that a certain amount of 
injury to the extero-posterior column was added by the scar to the 
injury of section of the posterior root of the second cervical nerve. 
That additional injury would lie at the lateral dorsal angle of the 
column, the region in which at the same level the degeneration from 
the root division must be greatest. Whatever the relation between the 
posterior root section and this possible complication be, microscopical 
examination reveals at a level just above the entrance of the highest 
of the posterior rootlets of the 2nd cervical nerve into the cord an area 
of degeneration in the external posterior columns, which involves 
considerably more than the half of that column, leaving only about 
mesial third of the column completely intact, and not even that third 
where it reaches the actual surface of the cord. The rest of the 
column is degenerated, in the sense that in the portion of it abutting 
on the caput cornu posterioris and the septum between lateral and 
posterior columns hardly a sound fibre exists in it, and that elsewhere 
although sound fibres are plentiful in it, degenerated fibres are also 
numerous, being less numerous in the direction of the wholly intact 
mesial portion of the column. 

The main result of the examination seems that the degeneration, 
consisting largely of the fibres of the posterior root of the 2nd cervical 
nerve is traceable up to, and round, and into the so-called nucleus 
cuneatus externus, and above that nucleus suddenly disappears from 
transverse sections of the medulla. : 

Do the degenerating fibres end in the grey matter of the external 
cuneate nucleus? From the facts that they surround that nucleus and 
penetrate it and that I was not able to find them further up the medulla 
than the position of that nucleus I incline to believe that, apart from 
fibres ending lower down, the vast majority of the degenerating fibres 
do end in that nucleus. For similar reasons a few of the fibres should 
end in the internal nucleus, but so few as to be a negligible quantity 
compared to the number ending in the external nucleus. 

As to the small degeneration seen in the funiculus gracilis although 
slight, it is unquestionable. As the level of the upper end of the 
nucleus gracilis is approached the slight degeneration diminishes. The 
degenerated fibres in the column seem to become smaller in size as 
traced upwards, and they seem to invade the column not merely from 
the dorso-lateral angle of it, but from the dorsal part of lateral edge 
of it. In the anterior column at the top of the cervical region there 
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is a tract which undergoes degeneration above the lesion; what exact 


relation this tract bears to the dorsal root of the 2nd cervical nerve I 
do not consider explained from my isolated experiment. The fibres 
involved did not appear to ascend further than to the lower part of 
the bulb, and they kept near to the grey matter of the ventral horn. 

All the degeneration in this experiment was confined to the same 
side of the bulb and cord as was the initial lesion; so that at the 
extreme top of the cervical region the anatomy corresponds in this 
respect to the anatomy of lower levels in which, as experiments of 
Singer’, Tooth“, Wagner’, Borgherini‘ and Singer and Münzer 
shew, “very few if any of the fibres cross from unilateral lesions to 
the opposite side, that is to say they run up on the same side“.“ 


EXPERIMENT II. Young Rhesus; attempt to cut through as much 
as practicable of the posterior columns in the lower dorsal region without 
producing other damage in the cord. Operation performed Sept. 20th, 
1886, under chloroform. Antiseptic precautions taken. 

On the evening of the day of operation the animal had fairly 
recovered from the effects of morphia and appeared to be paretic in 
the right hind limb. | 

Sept. 22nd; there is obvious but not great paresis of right leg; no 
other symptom detected, but examination not exhaustive. 

Sept. 23rd; Better; less clumsy with right foot. 

Sept. 26th; Very well. Slight clumsiness in right foot but this 
only detectable at times, as when she climbs up rope in cage, the right 
hand having been previously tied to waist. Seizes my hand fairly 
tightly with right foot, ?as tightly as with left foot. 

Sept. 29th ; wound is well healed. Thoroughly examined as regards 
sensibility of feet and legs; pinching, and sponge electrodes used; no 
difference detected between right and left sides, nor do either seem to 
be obviously deficient in sensibility nor was any supersensitive region 
found. A band-like region of diminished sensation was however found 
passing in a sloping direction round the abdomen. This band was not 
more. than a centimetre wide ; it was accidentally detected; it seemed 
to pass quite round the body, from the middle line of the back outwards 


} Wiener Sitewngsb. 1882. Vol. uxxxrv. iii. and with Münzer, Denkschrift. 57. 
2 On Degen. of the Spinal Cord, 1889. 
Cent. f. Nervenkrankh. 1886. No. 4. 

* Mitth, a. d. path. Instit. Wien. 1886. No. 1. 

Tooth. Loc. cit. 
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and downwards well below the free end of the 12th rib, and then forward 
and downward nearly to the middle line of the belly close above the 
umbilicus. 

- Patellar tendon phenomena present both sides. 

No defect in motility was discovered. The animal jumped, climbed, 
seized objects (a pencil, nuts, a piece of straw, slices of carrot, a thread 
of cotton) with its toes when the arms were fastened behind its 
back. 

After this examination I concluded that I must in some way have 
missed making the lesion I wanted, and only have damaged a pair of 
the nerve- roots issuing from the cord, probably the Ist lumbar pair; in 
this belief the animal was never, until it was killed exactly three months 
later, closely examined again. 

December 24th. Animal has been very well; is larger and fatter 
than three months ago. Has remained active and agile. The line of 
diminished sthesia was looked for, and could not be satisfactorily shown 
to be present. Animal killed by chloroform and opening of the carotid 


On dissection a small scar was found immediately above the 11th 
lumbar root tying the dura to the posterior surface of the cord. The 
scar passed right across the whole width of the posterior columns but 
did not as far as the naked eye examination revealed involve the lateral 
columns. From this point upward the posterior columns were seen to 
be paler than below the scar, the streak of pallor diminishing as traced 
upward along the cord, until it became a relatively thin band in the 
middle of the posterior face of the conjoined columns. It was easily 
traceable to within two centimetres of the apex of the calamus scrip- 
torius. Below the scar no abnormality was detected in the surface of 
the cord. On cutting the cord across at the level of the 3rd thoracic 
nerve-root it was evident that a large fraction of the two posterior 
columns was degenerated. Below the seat of lesion at the 2nd lumbar 
root the cord in transverse section showed no abnormal appearance at 
all. The cord was hardened in potassium — solution, and 
finally preserved in alcohol. 

Microscopical examination. Seat of lesion. A ‘al mass of fibrous 
tissue continuous with the dura mater entered as it were the posterior 
column and penetrated into it for quite two thirds of its depth. It 
occupied the entire width of the column passing from the bundles of 
the entering left hand posterior root to those of the right hand root; 
it certainly implicated the root bundles in part at least. The portion 
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of the posterior column not involved was an area the shape and extent 
of which is seen in Fig. 10. 

So sharply demarcated and so absolute in character did the area of 
degeneration appear that it seemed capable of approximately accurate 
measurement. It has been known since the researches of Schieffer- 
decker! and Singer that in the Dog the degeneration in Goll's 
column appears to diminish as it is followed upward. Schiefferdecker 
and Singer determined the size of the area of degeneration at succes- 
sive levels by drawing with the camera lucida the outline of the degene- 
ration on paper and then cutting out the figure and weighing it. In 
this way they found the diminution of the degeneration not regular, 
but subject at certain points to acceleration. Schiefferdecker put 
these points between 4th and 5th thoracic roots, between Ist and 2nd 
thoracic, and between 7th and 8th cervical. Singer noted“ no essential 
decrease” in the cervical region, but his numbers show it. I also 
attempt to measure the amount of diminution which the degeneration 
undergoes. The sources of fallacy hesetting the desired measurement 
may be stated at once, in order to disclaim more value for the results 
than they possess. 

In the first place the interest of a measurement of the area occupied 
by a degeneration in the cord attaches to it, I take it, merely as an 
index of the number of fibres involved in the degeneration. The area 
occupied by a degeneration may be wide, but the number of fibres 
implicated may be small. For instance in the pyramidal tract, and more 
so in that tract in the Dog than in the Ape the degeneration of a 
few fibres that could be packed together in a fraction of a single field 
of the microscope are scattered through an area occupying the whole of 
several fields. This kind of degeneration, an outcome of the inter- 
mingling of fibres which is so usual in the central nervous system may 
be designated by the term “scattered degeneration.” The area occupied 
by a scattered degeneration may be no guide whatever to the amount 
of degenerative damage. When for instance a degeneration in the 
pyramidal tract results from the removal of a small portion of the 
motor area of the cortex cerebri the amount of degenerative damage 
in the spinal cord may be considerably less than that which follows 
injury to a large area of the cortex; but in both cases the area 
occupied as far as I have seen is always approximately the same, 
because in the case of the smaller cerebral lesion though fewer fibres 


1 Virchow’s Archiv. Vol. 67, p. 542. 1876. 
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degenerate they are scattered over the whole of the area occupied by 
the pyramidal tract just as the more numerous from larger injury to the 
cortex. 

But there are tracts in the central nervous system in which the 
fibres of one source are not so dispersed, and not so intermingled among 
others. Degeneration in these leads to wholesale degeneration of 
particular strands. In these concentrated degenerations the area 
affected may not contain any unaffected fibres. In these absolute de- 
generations the size of the area may be a faithful guide to the amount 
of the degeneration, that is to the number of nerve-fibres degenerated. 

Instances of such absolute degenerations may be found in the 
pyramidal tract where it forms the pyramid; in the pyramidal tract in 
the cord even after the most extensive cortical lesions the degeneration 
is never absolute in the monkey and dog, because the fibres of the tract 
are mingled in the cord with fibres not pyramidal, but in the pyramid 
after lesion involving a large portion of the hemispheres there may be, 
as I have seen both in monkey and in dog, less than a hundred fibres 
left in the pyramid. Langley and Griinbaum! record that in the 
dog from which one hemisphere had been removed by Goltz there 
were only about 40 nerve fibres remaining sound. The degeneration 
occurring in Goll’s column, at least when considerable in size, possesses 
the same “absolute” character. The degeneration figured in the 
median posterior column in this case was for the most part absolute. 
Along its ventral border however it was not so, the degeneration area 
gradually (although rapidly) merging in the sound districts of the 
columns. At its lateral edge it was largely bounded by a little 
fissure containing a septum of connective tissue. 

A comparative measurement of the area at different levels being all 
I desired, I hoped that by taking the outmost limit of obvious degene- 
ration as the ventral boundary of the area in the various sections, I 
should be able at least to adhere to the same\standard of degeneration 
as a limit and thus obtain a boundary capable pf being fairly compared. 
To overcome the difficulty arising from the | 
of the ventral boundary I at first outlined the 
specimens placed in alcohol and seen through the lens of a dissecting 
microscope because of the extremely sharp demarcation of it in opaque 
bichromate specimens of the hardened cord. The surface of the block 
of cord illuminated by a condenser above was drawn by tracing the 
image with the camera lucida upon a tilted surface. The low magnifi- 

This Journal. Vol. x1. p. 606. 
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cation of the lens gave a ventral border of sufficient sharpness to be 
rendered without hesitation as a line. The paper tracing was then 
gummed to a sheet of tinfoil. The tinfoil had been previously tested 
for equality of weight per surface by weighing measured squares of it. 
The relative areas of the — drawn were expressed by the weights 
of tinfoil found. 


By making the measurement from the face of a block of the cord illumi- 
nated by reflected light, I hoped to avoid the shrinkage that sections are liable 
to undergo in a clarifying agent. It was possible that the clarifier might 
shrink the sections unequally. I tested the matter and found that using 
xylol for sections cut from the same block at the same time and under 
similar conditions the sections were not shrunken equally by xylol, the 
inequality being apparently dependent on other conditions than the mere 
number of seconds they were exposed to the xylol. Oil of cloves altered them 
far less unequally. The tissue was returned to alcohol for 8 months. On 
again making trial it was found that the shrinking under xylol was far less 
unequal and capricious. In six sections treated with oil of cloves for times 
purposely various (1 minute to 30 minutes) the major diameter of the section 
did not vary by more than ,}, part of its own linear measurement. 


The decrease when thus measured was much more than I had 
anticipated. The measurements obtained—the mean of three observa- 
tions—were 

at 6th thoracic. Area of degeneration = 22. 
at 8th cervical. = 19, 
at 3rd cervical. * = 13. 

I obtained more accurate estimates in the following way. The area 
of degeneration i is delimited under a high power of the microscope in 
thin sections—Zeiss D, ocular 4. The section is placed on a movable 
stage and the field divided into a number of squares by the introduction 
of a squared micrometer into the eye-piece. Of the squares into which 
the field is divided only those next the centre are taken, the more 
outlying parts of the field being moved into the central squares for 
examination. The results are transcribed upon proportional paper. 
The area thus delimited on the paper is cut out, gummed upon 
selected sheets of lead foil that have been previously weighed. The 
lead foil is then cut in accordance with the pattern, the gum and 
paper removed by soaking in water, the foil dried and weighed. 
Difficulty was met in obtaining foil sheets of sufficient size and of the 
same thickness; but among a large number seven were ultimately 
found that when of equal area were of almost equal weight, and the thick- 
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ness of which varied very little in different parts. The weight of the 
foil used in each pattern was corrected into the weight of the particular 
sheet from which it was cut and then expressed in terms of the average 
weight of the seven sheets. The area of the posterior column itself as 
well as of the degeneration in it was measured in most cases. The 
want of a very sharp edge to the extreme ventral portion of the 
degeneration it was attempted to meet by making the line at that place 
in which the number of degenerated fibres became less per square than 
the number of sound ones. The real limits of the degeneration are 
somewhat contracted by the analyses. 

General characters of the degeneration. The degeneration of three 
months standing is characterised by a large amount of sclerosis, and 
by being of an absolute character everywhere except at its ventral edge. 
Amid the cicatricial tissue of the degeneration are however a certain 
number of fibres still actually in course of degeneration. Without 
assuming that the fibres of the posterior median column all degenerate 
at the same rate or all undergo detectable alteration of structure at an 
equally early date, it seems likely that some at least of these late 
fibres still in comparatively early stages of decay, even three months 
after the production of the lesion in the column, were being destroyed 
by the compression exercised on them by the contraction of the newly 
formed cicatricial tissue. The lymphatic vessels around the cord 
contained a considerable quantity of granules, some free but most 


of them contained in lymphocytes, of a substance that under the 


Weigert's hwmatoxylin stain became blue-black as does the degenerat- 
ing myelin sheath. In the degenerating column instances of a paired 
arrangement of the fibres, “ geminal fibres,” are not infrequent. 

On measuring the areas of the healthy and of the degenerated 
portions of the column just above the actual trauma it was found that 
more than two-thirds of the combined posterior columns were destroyed. 
The longitudinal extent of the scar was found on minute examination 
to be somewhat greater than might have been guessed from the external 
appearances. The highest section which showed the twisted dense 
fibrous tissue containing blood vessels and without any degenerate, still 
less any sound nerve-fibre, was rather less than six millimetres above 
the lowest section of the scar. The traumatic scar was therefore half 
a centimetre in length. The lesion did not anywhere extend outside 
the area of the combined posterior columns, and although it almost 
touched the substantia gelatinosa of both right and left posterior horns 
it did not quite reach it; the lesion was separated from the grey matter 
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proper of the cord only by a slight distance. The lesion extended more 
deeply into the right than into the left posterior column. 

Close above the 10th thoracic nerve-root the area of degeneration 
exposed by the transverse section has the limits shown in Fig. 7. 
Along the free dorsal aspect of the posterior columns it extends com- 
pletely from the right hand entering rootlets to the left hand entering 
rootlets. It is triangular, the bluntest angle of the figure turned to the 
posterior grey commissure, The area of degeneration is larger on the 
right than on the left hand of the median septum, penetrating further 
ventrally on the former side. The edge of the degeneration is sharp, 
that is to say the degenerated area is bounded by an abrupt transition 
from the field of total degeneration to a field of sound nerve-fibres, 
except at its most ventral part, where the transition is less rapid, and 
the edge of the degeneration therefore less sharp. Measured in the 
manner above described’ the total area of degeneration is 10168, of 
which 5847 is on the right side of the median septum, 4321 on the 
left side. The total area of the right hand posterior column is in 
sections from this level 8160. 

At the level of the 6th thoracic nerve-root the area of degeneration 
no longer extends transversely across the whole posterior column from 
dorsal root of one side to dorsal root of the other, although it ap- 
proaches near to the entrance of the roots, and is of greatest width 
between the points of entrance of the roots. It is triangular with an 
obtuse angle turned forwards towards the posterior grey commissure. 


The sharpness of its edge is as at lower levels greatest at its sides and 


least toward the most ventral part. The right side degeneration is the 
larger and extends the deeper. The area of degeneration of the right 
posterior column measured 5016, the total area of the right column 
being 8446; the area of degeneration of the left posterior column 
measured 4066, the total area of that column being 8056. 

At the level of the 3rd thoracic nerve-root the area of the degene- 
ration extends less deeply toward the posterior commissure (Fig. 8); 
its width is also diminished absolutely as well as relatively. A con- 
siderable seam of undegenerated column intervenes between its extreme 
lateral edges and the posterior cornua and entering rootlets of the 
posterior root. The limits of the degeneration are quite sharp and 
clear, especially along its lateral edges. The total area of the posterior 
columns has considerably increased. The right column has an average 


1 I take this opportunity of thanking Mr W. B. Winston for carrying out the weighings 
in the measurements from this experiment. 
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area (in three sections) of 9858. The total area of degeneration is 
8933, of which 4958 is to the right, 3975 to the left of the median 
septum. Especially noticeablé is the greater distance which now 
separates the deepest part of the degeneration from the posterior 
commissure. The right side degeneration still penetrates deeper into 
the column than does the degeneration of the left side; instead of 
the right and left hand degeneration becoming less distinguishable 
in shape as the cord is ascended, they, although becoming relatively 
and absolutely smaller in extent retain with accentuated distinctness 
their difference in configuration. 
At the level of the 8th cervical nerve-root the area of degeneration 
has relatively to the size of the posterior column greatly diminished. 
It is still, taking the right and left side together, triangular (Fig. 9), 
with a truncated apex turned to the posterior commissure. Its width 
is markedly reduced, a seam of sound white matter twice as broad as 
that edging it at the level of the 3rd thoracic root separates it from the 
posterior cornu and entering bundles of the posterior root. In the 
section from this level figured, and in many others from various other 
levels of the cord, for instance in the one from the 3rd thoracic level 
figured, it is noteworthy that the sharp lateral edge of the degeneration- 
area is coterminous, often absolutely, with the area marked off on 
either side by a distinct septum of connective tissue from the rest of 
the posterior column. The right hand degeneration runs further into 
its-column along the posterior median septum than does the left hand. 
The deep limit of the degeneration has by this level become obviously 
sharper than it is in any of the lower levels, it becomes better defined 
as the cord is ascended. The area of the total left hand column as 
averaged from measurements made in three sections is 12952. The 
total area of the degeneration is 7836, of which 4159 lies to the right 
hand, 3676 to the left of the median septum. The distance separating 
the deepest part of the degeneration from the posterior commissure has 
become twice as great as at the 3rd thoracic level, thrice as great as at 
the 6th thoracic level, and five times as great as at the 9th thoracic 
level; indeed the left hand degeneration now only extends into the 
most superficial third of the column, whereas at the 9th thoracic it 
broke in upon its deepest third. 

Passing to the level of the 6th cervical nerve-root the extent of the 
area of degeneration undergoes still further diminution. Compared 
with the total area of the posterior columns its size is much less than at 


any lower level. Its shape becomes roughly quadrangular. Its borders 
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are even more abrupt and sharp than at lower levels. Its width has 
been as it were compressed so that it involves little more than half as 
much of the free edge of the section of the posterior columns as at the 
level of the 6th thoracic. To either side it is bounded by a little 
septum of connective tissue, but the main septum, which, in a specimen 
of normal cord one would probably consider to be the true boundary 
between the median posterior column and the external posterior column 
lies within the area of the degeneration which therefore oversteps it. 
The measurements of the area of degeneration gave 3644 to the right 
of the median septum, and 3006 to the left; a total area therefore of 
6650. The average of three measurements of the area of the entire 
left side posterior column gave 18178. 

After ascending to near the level of the 3rd cervical nerve the size 
of the area of degeneration (Fig. 10) is found to have again undergone 
considerable reduction, especially compared with the large posterior 
column of these high levels of the cord. It has become diminished in 
width, so that to it now belongs less than half as much of the free edge 
of the posterior column as at the level of the 6th thoracic. Instead of 
occupying as at the 6th thoracic nearly 4$ of the total free border of the 
columns it here occupies only #, that is it has lost more than two- 
thirds of its relative width. Its lateral edge is partly identical in 
position with the more superficial part of a well-marked septum of 
connective tissue that in its deeper part extends deeply into the column 
and might in a section of normal cord be supposed the boundary 
between the median posterior and external posterior divisions of the 
posterior column. This septum marks off an area on its mesial side 
containing a less percentage of large-medium nerve-fibres from an area 
on its lateral side containing a higher percentage of large-medium fibres. 
The section of a second septum emerging from the ventral edge of the 
degeneration area runs almost parallel with the above mentioned 
septum but nearer to the median line, This septum in like manner 
appears to pass between an area of more uniformly small fibres on its 
mesial side and the area of those separated by the first mentioned 
septum contains the lower percentage of large-medium fibres. The 
area occupied by degeneration at this level measures 5503, of which 
2973 lies in the right posterior column, 253 in the left. The total 
area of the right posterior column is 21429, so that the degeneration 
instead of occupying nearly two-thirds of the entire column as at 
the 9th thoracic level, now occupies less than one-seventh of it. 

At the level of the Ist cervical nerve the degeneration is still 
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smaller; it contains in it an islet of grey matter, a portion of the 
nucleus gracilis, and is therefore not suitable for exact measurement; it 
is however undoubtedly smaller than at the 2nd cervical level, still 
more so as compared with the 3rd cervical level. 

The degeneration is traceable with ease to the level of the top of 
the nucleus gracilis, but not beyond it; it appears especially in the 
upper levels to get to the outer side rather than the median side of the 
nucleus and scatters, involving even the deepest part of the column. 


The complete absence of any sign of regeneration in the fibres of the 
posterior column above the transverse incision in it is perhaps worth remark. 
In several experiments in which I have severed posterior roots of the lumbar 
region I have, like other observers, quite failed to find indications of regenera- 
tion although more than three months, in one case more than six, was allowed 
to elapse. There appears no evidence that, although they regenerate peri- 
pherally from their root ganglia, the sensory fibres can regenerate centrally 
toward the cord. No explanation presents itself for this. 


There is nowhere any evidence of the existence of ascending de- 
generation in any part of the antero-lateral columns, they appeared 
absolutely unaffected by degeneration. 

It will thus be seen that throughout the cord the degeneration on 
the right side was greater than that of the left. At the 10th thoracic 
it was greater in the proportion of 73 to 54; between the 2nd and 3rd 
cervical it was greater in the proportion of 27 to 23; in its ascent 
therefore it lost about a seventh of its preponderance over the left 
side degeneration; but this seventh was lost by the time the 5th 
thoracic nerve was reached, and from the 3rd thoracic to the 2nd 
cervical the relative sizes of the right and left as compared one with 
another remains about the same—the numbers running in round figures 
47 44 41 41 41 42 KR. deg. 
35 TL deg. 
The right degeneration therefore diminished in size more rapidly 
between the 10th thoracic and the 5th thoracic roots than did the left 
degeneration. The part then of the right hand degeneration at 10th 
thoracic level (Fig. 7) which does not correspond with the left must 
consist of fibres that do not in so great proportion as do fibres of the 
rest of it contribute to the formation of Goll’s column in the cervical 
region. 

There is therefore decrease in the degeneration of the median- 

posterior column in its ascent of the cervical region, with the grey 
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matter of which region it is not supposed’, except by Schiefferdecker, 
to make any connection at all. 

EXPERIMENT III. In April, 1890 the spinal cord was divided in a 
young Rhesus at the 10th thoracic nerve-root. The small wound healed 
perfectly in a few days; the animal was killed after it had lived three 
months. Some phenomena exhibited by this animal during life will be 
related elsewhere. That the cord had really been completely severed 
microscopical examination ultimately proved; aad that the division had 
been performed as supposed at the time of operation, close to the point 
of exit of the 10th thoracic pair. 

Midway between the levels of the 9th and 8th thoracic roots the 
degeneration is very extensive. The areas chiefly involved are in the 
posterior column and in the outer edge of the antero-lateral column, 
and in the most anterior part of the lip of the anterior median fissure. 
Of the posterior columns parcelled into 192 squares, not one square 
contains tissue free from degeneration. Of the squares 145 are occupied 
by absolute degeneration, 15 more by very severe but not absolute 
degeneration, and the remaining exhibit scattered degeneration. The 
area of absolute degeneration occupies more than the entire superficial 
two-thirds of the posterior columns. An area of almost absolute 
degeneration skirts the posterior limb of the substantia gelatinosa ; 
between this deep zone of degeneration and the great superficial 
area there is a zone of less severe degeneration, in which numbers 
of healthy nerve-fibres exist, both coarse and fine of various degrees 
of size; very few of the fibres are quite large, none of them so large 
as the fibres of the cerebellar tract; the majority are fine, averaging 
less than 2 . The area of absolute degeneration contains a scanty 
number of nerve-fibres still in process of degeneration, but the bulk 
of it is composed of cicatricial tissue in which numerous spaces repre- 
sent the places previously occupied by nerve-fibres, The topography 
of the degeneration here can best be gathered from fig. 11. 

Antero-lateral columns. These at this level have suffered very 
heavily from degeneration although not so severely as have the posterior 
columns. If the antero-lateral columns are parcelled out into 934 
squares, only 60 of the squares are found to be free from obvious 
degeneration and in 182 of the squares the degeneration is absolute 
or almost absolute. The arrangement of the area of severest de- 
generation is shown by shading in the figure. It will be seen that 


1 See for example Mr Horsley’s Lectures on the Structure of the Spinal Cord, 189 2. 
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with three small breaks it occupies the entire free edge of the column 
from the entrance of the bundles of the posterior root behind round to 
more than half way down the depth of the anterior median fissure 
in front. Broadly speaking it may be said to diminish in deffte as 
followed from the free edge of the cord anywhere inwards across the 
white matter to the grey matter. The three breaks in it occur: 

(i) about midway between the entrance of the — root and 
the mouth of the anterior fissure. 

(ii) again one-third nearer the anterior fissure. 

(iii) near the ventral lip of the anterior fissure. 

At these three places although there is plenty of degeneration, the 
nerve tissue is not nearly so severely degenerated as elsewhere along 
the edge of the cord. 

In the anterior columns skirting the deeper half of the anterior 
fissure the degeneration although severe is not so severe as elsewhere 
along the edge. In the area of very severe degeneration along the 
sides of the superficial half of the anterior median fissure it is chiefly 
quite fine nerve-fibres that have been removed. 

The crescent-shaped field of severe degeneration bounding the 
posterior half of the lateral column is caused by removal of the fibres 
of the dorsal division of the cerebellar tract. It juts most deeply into 
the white matter at its ventral end; but even there it is not more than 
a seventh part of the breadth of the lateral column. On the other 
hand the area of intense degeneration which lies ventral to that of 
the cerebellar tract extends at its dorsal end more than half the way 
across the width of the column to the grey matter. This area gradually 
thins off as followed ventrally, so that its shape is that of an inverted 
comma, the tail of the comma sweeping along the periphery of the 
antero-lateral column toward the lip of the anterior fissure. This 
represents the main part of the antero-lateral ascending or Gowers’ 
tract. The outline of it is difficult to figure accurately in a small scale 
because it consists to a large extent of more or less completely separated 
patches of very severe or absolute degeneration islanded in fields of 
severe but not so severe degeneration. A small patch of intense 
degeneration also exists at the mesial edge of the dorsal angle of the 
lateral column, abutting on the lateral edge of the aper cornu 
posterioris. The patch there implicates Lissauer's tract, and in its 
degeneration fibres of fine calibre are chiefly involved. 

The distribution of that portion of the white matter still completely 
sound, in which at least no degeneration has been detected by myself 
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after search in a large series of specimens is a matter of some interest. 
Its details can be gathered from Fig. 11. Part of it is that portion of the 
white matter of the deep part of the lateral column which lies between 
the dorsal edge of the lateral horn of grey matter and the ventral limb 
of the substantia gelatinosa of the posterior horn, and a small area 
abutting laterally on the above. Part of it is the portion of the lateral 
column abutting on the lateral edge of the grey matter of the anterior 
horn; part of it the portion of the anterior column abutting on the 
mesial edge of the anterior horn. 

Elsewhere throughout the whole antero-lateral column there is more 
or less severe scattered degeneration. Much of this region is that 
mainly occupied by the fibres of the crossed pyramidal tract, and as 
shown by me elsewhere belonging also to recrossed pyramidal tracts. 
The fibres implicated in the scattered degeneration of the area common 
to the crossed and recrossed pyramidal tracts are many of them of quite 
large size, as large as fibres of the cerebellar tract, many also are much 
smaller, a quarter the size of the others or even less. The sound fibres 
in that region are also of various sizes—many are quite large, but the 
majority are quite small—and there are intermediate sizes. 

The extremely fine nerve-fibres of the apex cornu posterioris are 
apparently quite intact. 

Inside the grey matter there is an obvious paucity of medullated 
fibres in the network of the posterior vesicular cylinder; and the 
grey matter of the posterior cornu in the spongiosa lying next to the 
gelatinosa seems to contain fewer medallated fibres than is normal. 
Elsewhere, with the doubtful exception of the lateral cornu | the grey 
matter is not obviously different from normal. 

The analysis shows if the entire white matter of the cord be 
divided into 1126 squares 66 only of these squares are free from visible 
signs of degeneration. If 178 squares be added for grey matter 
exclusive of the gelatinosa posterior and centralis then of 1304 squares 
in the whole transverse section the nerve tissue in 1072 exhibits 
obvious structural degeneration. 

Measurements conducted as above described by weighing gave at this 
level, whole area of posterior column = 576. 

whole area of absolute degeneration in posterior column = 435. 
1 Of. Leyden, Klinik d. Riickenm. Krankheiten u.; Lissauer, Forts. d. Med. Feb. 
1884; Krauss, Neurol. Centralb. Feb. 1885; Lissauer, Archiv f. Psych. xvi. p. 431, 1885; 
Hadden and Sherrington, Brain, p. 325, 1888; Déjerine, Vulpian’s Archives, p. 331, 


1888; Oppenheim, Arch. f. Psych, xx.; Tooth, Spinal Degenerations, * Mott, This 
Journal, XI. p. 12. 
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whole area of antero-lateral columns = 2802. 
„ „ Of grey matter = 606. 
„ „of cord = 3984. 

Ascending to a level midway between the points of exit of the 7th 
and 6th thoracic nerve-roots the degeneration does not diminish so 
much as might have been expected. There is degeneration of 
absolute or nearly absolute character in a quarter of the entire area of 
white matter. The transverse area of the cord has increased in size 
considerably. 

Posterior columns. The size of the great field of absolute degene- 
ration in the dorsal part of the columns has hardly diminished except 
relatively to the size of the entire posterior columns. The most obvious 
difference between the degeneration of the posterior columns here and 
at the distance of two nerve-roots lower down is that what was spoken 
of there as the deep zone of degeneration abutting on the dorsal aspect 
of the grey matter has largely disappeared, leaving a scattered degene- 
ration in its place, and that not of very severe degree. There is now 
therefore between the main field of absolute degeneration in the dorsal 
half of the column and the grey matter a field of scattered degeneration, 
in which the degree of degeneration is greatest close to the area of 
absolute degeneration. In the middle of the field of scattered de- 
generation there is however in each posterior column a considerable 
islet of very severe or almost absolute degeneration. The topographical 
relations are seen in analysis Fig. 12. If the area of the posterior 
columns be 636 then of this 411 is occupied by-absolute degeneration. 
In 11 squares no signs of degeneration are detectable, all these eleven 
squares abut on the grey cornua. 

In the antero-lateral columns here just as at lower levels it is the 
periphery of the cord which has suffered most heavily from degeneration, 
and it is the white matter immediately adjoining the grey matter which 
has suffered least. The degeneration is absolute or nearly so in about a 
sixth of the entire antero-lateral column. As before there is a break in 
the peripheral zone of very deep degeneration about halfway down the 
free edge of the lateral column ; the break is made by an isthmus of 
much less degenerated white matter composed of fibres lying on either 
side of a small subpial septum. This marks off the ventral end of the 
dorsal cerebellar tract from the wide dorsal end of the antero-lateral 
ascending tract. It is immediately in front of the isthmus and septum 
that the peripheral sheet of deep degeneration is widest, and extends 
most deeply into the lateral column ; in fact the isthmus marks off the 
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ventral end of the dorsal cerebellar tract. The severe character of the 
degeneration alongside the superficial half of the anterior fissure is very 
marked, but does not penetrate relatively so far along the depth of the 
fissure, and on the other hand implicates to a greater extent the white 
matter forming the free lip on either side the mouth of the fissure. 
From that part the numerous small fibres (about 24) which normally 
lie among the larger fibres and normally far outnumber these latter 
have been completely or almost completely removed. 

The patch of severe degeneration seen at the 8th thoracic in the 
dorsal angle of the lateral column abutting on the. caput cornu 
posterioris is represented by a large patch of much less severe degenera- 
tion at this level, some of the fibres degenerating in it now are quite 
large and may have to be reckoned to those of the cerebellar tract. 

The portions of the lateral column freest from degeneration are 
those occupying the bay lying between the posterior horn behind and 
the lateral horn in front. Here in about 34 squares, the whole antero- 
lateral column consisting of 550, I cannot detect any degenerated 
fibres at all. In the white matter abutting on the lateral edge of the 
grey cornu from the base of the lateral horn behind to near the apex of 
the anterior horn in front a seam of the white column shows no evidence 
of degeneration. The part of the anterior columns immediately ad- 
joining the grey matter of the anterior horn is also largely free from 
traces of degeneration. 

Elsewhere the antero-lateral column is everywhere occupied by a 
scattered degeneration, which as a rule is progressively more severe as 
followed outward toward the peripheral zone of severest degeneration. 
A belt of particularly marked degeneration of a scattered type extends 
from the point of the lateral horn to the mesial angle of the wide dorsal 
end of the ascending antero-lateral degeneration of Gowers. The 
scattered degeneration is also well marked in the deepest part of the 
anterior column, and between the lip at the mouth of the anterior 
fissure and the point of exit of the bundles of the anterior root. 

In its ascent through the next two segments of the cord, ie. on 
reaching the level of the 5th thoracic nerve-root, Fig. 13, the degeneration 
exhibits considerable alteration. The cord has increased in size about a 
tenth. The chief factor in the increase is to be reckoned to the grey 
matter (from 268 up to 397), but of the increase in the white matter 
the chief share belongs to the posterior columns (from 636 up to 708). 

When compared with the area of the entire posterior column the 
area of absolute degeneration in that column has considerably diminished 
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(from nearly {rds of column to less than }iths). But its absolute decrease 
in passing from the level of the 7th thoracic to the level of the 5th is 
found to be quite slight, something over a fiftieth of its area at the 
former level. It no longer extends across the entire free dorsal edge of 
the columns from posterior root of one side to posterior root of the 
other; somewhat less than a tenth of the free edge of the column on 
each side next to the place of entrance of the root bundles is occupied 
by healthy white matter. As in Experiment II. a belt composed of 
comparatively normal white matter intervenes between the absolute 
degeneration and the dorsal limit of the grey matter. The area 
of absolute degeneration dips deepest into the column alongside the 
posterior median septum, passing more than half (,4ths) through the 
antero-posterior thickness of the column. A scattered degeneration of 
no great severity is evidenced in the portion of the column intervening 
between the deep edge of the degeneration and the dorsal edge of the 
grey matter immediately opposite it. If the posterior column be 
measured as 708 then the area of absolute degeneration is found to be 
about 402, Lissauer’s tract not being included in the measurement 
of the column. 

It is noteworthy that for the extent of the periphery of the antero- 
lateral column marked in the figure the ascending antero-lateral is 
separated from the free edge of the cord by a very narrow strip, 
constituted mainly by fibres of small diameter, in which are com- 
paratively few evidences of degeneration. 

In the antero-lateral columns it is still the periphery which exhibits 
the greatest amount of degeneration, and the severe degeneration there 
still shows the same breaks at the same definite points which are 
evident lower down the cord; the border area behind the mid-lateral 
break (the dorsal cerebellar tract area) is little different in appearance 
from what it was at the lower level. It however follows the posterior 
root fissure further, and folds rather more round the dorsal angle of 
the lateral column. As at lower levels it is of greatest width at its 
ventral end, and its extent is pretty sharply defined, although its deep 
edge is irregular. The border area of degeneration in front of the break 
presents the same general features as at lower levels, but is certainly 
smaller, and as followed round to the anterior fissure it merges less fully 
in the defined region of very severe degeneration already seen at lower 
levels to occupy the ventral part of the sides of the fissure; in other 
words, the antero-lateral ascending has more markedly than ever two 
foci of greatest severity, one in the ventral part of the lateral column, 
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the other at the free summit of the lip of the anterior median fissure 
and extending as a narrow streak alongside the fissure for about the 
ventral third of the fissure. The size of the column is slightly increased 
(1181 instead of 1102). 

Passing upward at once without further description to the level of 
the 2nd thoracic nerve-root (Fig. 14) the following condition is discovered 
by the sections. A wide band of comparatively slightly degenerated 
tissue extends between the area of absolute degeneration and the pos- 
terior horn. If the whole area of the posterior column measures about 
1050, the absolute degeneration in it measures 366. The area of absolute 
degeneration is wedge-shaped and extends a good half way toward the 
posterior commissure ; and engages more than half (J) the free edge of 
the posterior column. In the lateral posterior column the scattered 
degeneration is of greatest extent near the free edge of the cord, and 
near the substantia gelatinosa, there is also some fringing the part of 
the posterior median septum deep to the area of the absolute degenera- 
tion. The size of the entire posterior column is much greater than at 
the levels previously described, indeed it has increased by nearly a 
half of its area at the 5th thoracic, three segments lower down. The 
area of absolute degeneration has on the other hand diminished not only 
relatively to the size of the whole column but absolutely and by about 
a twelfth of its area. In more than a quarter of the entire column (53 
parts out of 350) I can find none but equivocal signs of degeneration. 

The area of the antero-lateral column has increased from 1131 
to 1366. The cerebellar tract shows the same severe degeneration 
as it does below; in many places within its area the degeneration is 
absolute. A line drawn across between the ventral ends of the right and 
left dorsal divisions of the cerebellar tracts passes across the deeper end 
of the anterior median fissure; examined by that criterion it extends 
further ventrally than at the 5th thoracic level; its measurement along 
the free edge of the lateral column is also greater than it was below. 
But it is especially at its ventral end a thinner band than at the 
lower level. Along the free periphery of the column it is separated 
from the dorsal end of the ascending antero-lateral degeneration by an 
isthmus of comparatively sound nerve-fibres. But it actually adjoins 
the ascending antero-lateral degeneration at a little depth below the 
free surface, as it did at the 5th thoracic level, but not so markedly. 
The ascending antero-lateral degeneration is still of great extent. At 
its dorsal end it is severe and in small patches is absolute in an area 
occupying about a twenty-eighth part of the whole autero-lateral 
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column. At the summit of the lip of the anterior median fissure it is 
less severe than at the last described level and it does not entrench so 
deeply upon the sides of that fissure as it did. Along the sides of the 
deepest third of the fissure I can find no certain sign of degeneration. 
In somewhat less than one third the area of the entire column no signs 
of degeneration were obvious. Broadly described this undegenerated 
area enfolds the grey matter, making a border zone about it, and 
toward this zone from the periphery inwards the degeneration becomes 
less and less severe. The white column in the vicinity of the apex of 
the lateral horn is especially far less degenerated than at the level 
of the 7th thoracic, but the deeper part of the dorsal end of the 
ascending antero-lateral still extends somewhat in the direction of the 
apex of the lateral horn, The more lateral part of the region of the 
crossed pyramidal tract is beset with numerous degenerated fibres; not 
all of these are large. Some of them are probably fibres of the direct 
cerebellar tract, as Mott has shown; others appear too small to belong 
to that tract. The periphery of the antero-lateral column near the exit 
of the more lateral bundles of the anterior root displays just as it did 
at the level of the 5th thoracic a narrow zone from which degeneration 
is comparatively absent. The fibres which mainly constitute this zone 
are small fibres. The area of grey matter has increased from 397 to 
624. 

At the side of the lateral limb of the gelatinosa of the posterior 
horn it is not clear that there exists any trace of the patch of small 
fibre degeneration seen to have already dwindled almost below recog- 
nition at the level of the 5th thoracic nerve. 

At the level of the 8th cervical root the contour of the cord has 
naturally changed much from the contour shown at the 2nd thoracic. 
A very great increase in the quantity of grey matter is seen. The grey 
matter instead of offering less than half the area offered by the white 
has an area nearly $ of the extent of the white matter. In the antero- 
lateral column the degeneration still fringes the circumference ; as the 
cerebellar tract dorsally and the ascending untero-lateral ventrally. 
The extreme ventral tip of the anterior column is still the seat of 


considerable although scattered degeneration. In the posterior column 


besides the area of absolute degeneration, there are scattered de- 
generating fibres between the deep edge of the absolute 
degeneration and the grey matter; some of these lie near the 
posterior commissure. The shape of the area of absolute degeneration 
has become almost equilaterally triangular, when right and left hand 
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degenerations are taken together. The area of degeneration occupies 

only one-third of the superficial width of the posterior column. The 

area of absolute degeneration occupies only one-fifth of the total area of 

| the posterior column, so that as compared with the anatomy of two 

| segments lower down the degeneration is very considerably reduced in 
size, and not merely relatively to the whole posterior column but 
absolutely by almost a third of the size it presented at the lower of the 
two levels under comparison. At the 7th cervical pair the following 
measurements were made: whole posterior column = 1314, absolute 
degeneration = 249. 

At the level of the 5th cervical root the anatomy of the cord is still 
that characteristic of the cervical enlargement. But although the 
whole transverse section of the cord is of larger area than at the level of 
the 8th cervical (3352-3084) the grey matter in it is not merely 
relatively but absolutely less by about a fifth (3606-2952). In the 
antero-lateral column the peripheral degeneration is still well marked 
though less than lower down. The dorsal portion of it—the dorsal 
cerebellar tract—shows most degeneration next the dorsal angle of the 
column, the more ventral portion of it is chiefly existent as a little 
wedge-like mass opposite the most laterally prominent part of the 

central horn, on a level with a line drawn horizontally through the 
central canal. At the lip of the ventral median fissure a patch of 
scattered degeneration is still evident. 

The posterior column which is much larger in area than at the last 
level examined contains some obvious scattered degeneration in 
its deepest part, that nearest to the grey matter. About 60—70 
degenerating fibres can be found there in each section (Fig. 15). The 
area of absolute degeneration is less wide from right to left than it is 
lower down the cord. Its area is not really much less than at the level of 

| the 8th cervical (231-254), but relatively to the whole posterior column 

5 instead of being a fifth part of it it is little more than a tenth. 

At the level of the 2nd cervical nerve-root (Fig. 16) the posterior 
column of the cord although much larger than at the 2nd thoracic is not 
so large as at the 5th cervical. Yet the area of absolute degeneration 

in it is not only smaller absolutely than at the last mentioned level, 
but it is relatively smaller also, i.e. considerably less than one-tenth of 
the total column instead of somewhat more than one-tenth. Its edge is 
at least as sharp as previously. It is somewhat compressed laterally, so 
that it occupies less than a sixth of the free edge of the column. It is 
conterminous for the greater part of its side with a small septum. The 
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area of the posterior column outside the degenerated area does not 
contain an obvious amount of scattered degeneration. There are indeed 
eight fibres in it that appear to be degenerated, but more I cannot 
detect; the position of these fibres is marked on the analysis map. 

In the antero-lateral column the degeneration corresponding to the 
direct cerebellar tract is well seen. Although obviously diminished in 
comparison with its extent at lower levels it is not greatly less. It is 
here distinctly separated from the extreme dorsal angle of the lateral 
column. It has shifted ventrally as judged relatively to the position of 
entrance of the posterior root bundles; only at its extreme dorsal end 
does the cerebellar degeneration occupy the actual free edge of the 
cord, elsewhere there intervenes a layer of fibres which as I have 
shewn elsewhere belong to the crossed pyramidal tract. Especially is 
this peripheral intervening band well marked outside the ventral ex- 
tremity of the cerebellar tract. Opposite to the lateral spur of the 
anterior horn an area of severe degeneration lies at the periphery 
of the lateral column, this is continuous below with the dorsal part 
of the antero-lateral ascending degeneration; it is however a mere 
remnant as compared with that at levels examined previously. In 
the lip of the ventral median fissure a few degenerating fibres are 
detectable (13). 


It is instructive to compare the configuration of the ascending degenera- 
tions at this level with the descending degeneration examined at the same 
level in the same species four months after a very large cortical lesion in- 
volving more than the whole “cord-area” of the cortex outside the gyrus 
fornicatus (Fig. 16 4). In the Macacque the crossed pyramidal tract extends 
outside its main mass into a peripheral zone described by France’ and by 
myself*; in foetus of the Macacque I find this peripheral sheet acquire 
myelin at the same epoch as does the pyramidal tract elsewhere; between 
this peripheral sheet (which in some specimens reaches halfway down the 
thoracic region) and the main body of the tract is an interval occupied almost 
exclusively by a coarse-fibred (megalomitous) tract, this is shown to degene- 
rate (Fig. 16) upwards, and is the direct cerebellar. Although there is 
considerable overlapping of the territories of the ascending and descending 
degenerations the converse character of the general picture offered by the two 


degenerations is unmistakeable. The distinction between the ventral part of 


the lateral reticular formation and the part occupied by ‘pyramid’ fibres is 
sharp ; in the fœtus by paucity of myelin in the latter, in the adult by the 


1 Philos. Transacts. vol. n. 1889. 
2 This Journal, March, 1889. 
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degenerations are taken together. The area of degeneration occupies 
only one-third of the superficial width of the posterior column. The 
area of absolute degeneration occupies only one-fifth of the total area of 
the posterior column, so that as compared with the anatomy of two 
segments lower down the degeneration is very considerably reduced in 
size, and not merely relatively to the whole posterior column but 
absolutely by almost a third of the size it presented at the lower of the 
two levels under comparison. At the 7th cervical pair the following 
measurements were made: whole posterior column = 1314, absolute 
degeneration = 249. 

At the level of the 5th cervical root the anatomy of the cord is still 
that characteristic of the cervical enlargement. But although the 
whole transverse section of the cord is of larger area than at the level of 
the 8th cervical (3352-3084) the grey matter in it is not merely 
relatively but absolutely less by about a fifth (3606-2952). In the 
antero-lateral column the peripheral degeneration is still well marked 
though less than lower down. The dorsal portion of it—the dorsal 
cerebellar tract shows most degeneration next the dorsal angle of the 
column, the more ventral portion of it is chiefly existent as a little 
wedge-like mass opposite the most laterally prominent part of the 
central horn, on a level with a line drawn horizontally through the 
central canal. At the lip of the ventral median fissure a patch of 
scattered degeneration is still evident. 

The posterior column which is much larger in area than at the last 
level examined contains some obvious scattered degeneration in 
its deepest part, that nearest to the grey matter. About 60—70 
degenerating fibres can be found there in each section (Fig. 15). The 
area of absolute degeneration is less wide from right to left than it is 
lower down the cord. Its area is not really much less than at the level of 
the 8th cervical (231-254), but relatively to the whole posterior column 
instead of being a fifth part of it it is little more than a tenth. 

At the level of the 2nd cervical nerve-root (Fig. 16) the posterior 
column of the cord although much larger than at the 2nd thoracic is not 
so large as at the 5th cervical. Yet the area of absolute degeneration 
in it is not only smaller absolutely than at the last mentioned level, 
but it is relatively smaller also, i.e. considerably less than one-tenth of 
the total column instead of somewhat more than one-tenth. Its edge is 
at least as sharp as previously. It is somewhat compressed laterally, so 
that it occupies less than a sixth of the free edge of the column. It is 
conterminous for the greater part of its side with a small septum. The 
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area of the posterior column outside the degenerated area does not 
contain an obvious amount of scattered degeneration. There are indeed 
eight fibres in it that appear to be degenerated, but more I cannot 
detect ; the position of these fibres is marked on the analysis map. 

In the antero-lateral column the degeneration corresponding to the 
direct cerebellar tract is well seen, Although obviously diminished in 
comparison with its extent at lower levels it is not greatly less. It is 
here distinctly separated from the’ extreme dorsal angle of the lateral 
column. It has shifted ventrally as judged relatively to the position of 
entrance of the posterior root bundles; only at its extreme dorsal end 
does the cerebellar degeneration occupy the actual free edge of the 
cord, elsewhere there intervenes a layer of fibres which as I bave 
shewn elsewhere belong to the crossed pyramidal tract. Especially is 
this peripheral intervening band well marked outside the ventral ex- 
tremity of the cerebellar tract. Opposite to the lateral spur of the 
anterior horn an area of severe degeneration lies at the periphery 
of the lateral column, this is continuous below with the dorsal part 
of the antero-lateral ascending degeneration; it is however a mere 
remnant as compared with that at levels examined previously. In 
the lip of the ventral median fissure a few degenerating fibres are 
detectable (13). 

It is instructive to compare the configuration of the ascending degenera- 
tions at this level with the descending degeneration examined at the same 
level in the same species four months after a very large cortical lesion in- 
volving more than the whole “cord-area” of the cortex outside the gyrus 
fornicatus (Fig. 16 4). In the Macacque the crossed pyramidal tract extends 
outside its main mass into a peripheral zone described by France! and by 
myself*; in foetus of the Macacque I find this peripheral sheet acquire 
myelin at the same epoch as does the pyramidal tract elsewhere; between 
this peripheral sheet (which in some specimens reaches halfway down the 
thoracic region) and the main body of the tract is an interval occupied almost 
exclusively by a coarse-fibred (megalomitous) tract, this is shown to degene- 
rate (Fig. 16) upwards, and is the direct cerebellar. Although there is 
considerable overlapping of the territories of the ascending and descending 
degenerations the converse character of the general picture offered by the two 
degenerations is unmistakeable. The distinction between the ventral part of 
the lateral reticular formation and the part occupied by ‘ pyramid’ fibres is 
sharp; in the fetus by paucity of myelin in the latter, in the adult by the 
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ventral containing small fibres (micromitous), the latter fibres of very various 


At the levels of the first two millimeters of the nucleus gracilis the 
area of absolute degeneration in the posterior columns becomes merged 
in the grey matter of the nucleus reaching even the deepest part of it. 
The dorsal, and the ventral ascending cerebellar tracts are still visible 
retaining their mutual relationship near the periphery of the bulb. 

The anatomy of the degeneration existing below the site of the 
lesion deserves some mention. The transverse lesion was at the 10th 
thoracic segment and involved the whole extent of the cord. A pre- 
paration taken below the level of origin of the 11th thoracic root 
about 17 mm. below the lesion is well comparable with a prepara- 
tion from a level between the 9th and 8th roots because the anatomy 
of the normal cord is in the two places only slightly dissimilar. The 
antero-lateral column has a heavy degeneration throughout the greater 
portion of its dorsal-half. The distribution of this is shown by the 
deeper shading in Fig. 17. 


A comparison is interesting between this descending degeneration two 
segments below a transverse spinal lesion and the descending degeneration of 
the pyramidal tract at the same level resulting from ablation of the whole 
“cord region” of the cortex (except Schifer and France’s gyrus fornicatus 
area). Not only is the area of descending degeneration (Fig. 19) in the lateral 
column much more extended in the case of the spinal lesion than in that of the 
cortical (Fig. 17 a) but within the area itself the density of the degeneration 
is much greater. Commingled therefore with cerebral fibres descending from 
the cord - region of the cortex are, as well as ascending spinal fibres, fibres 
which descend and are probably of spinal, some possibly of cerebellar (Marchi)' 
origin, all of them contained within the field appropriated by nomenclature 
to the crossed pyramidal tract. Of the ascending fibres mingled with the 
pyramidal some are large, acquire the myelin sheath not at the same time as 
the pyramidal but at the same time as the direct cerebellar*, and degenerate 
together with the direct cerebellar*, But these cerebellar fibres will not 
account for all. On entering the lateral column at the decussation the pyra- 
midal fibres undergo, in Monkey and Dog, a dilution with other fibres almost 
as numerous as themselves. The distinction between the pyramidal fibres 
and those others is rendered the more difficult by the fact that unlike most 
tracts the fibres of the pyramidal tract are of almost every degree of size 


1 Rivista Sperim. di Freniatria, 1888. * Sherrington. This Journal, 1885. 
3 Sherrington, loc. cit. Mott. This Journal, loc, cit. 
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(poikilomitous), instead of being all fairly large as e.g. in the direct cerebellar 
tract (megalomitous) or all fairly small as e.g. in Lissauer’s tract (micro- 
mitous). 

There is another area of heavy degeneration in the most ventral 
portion of the anterior column, and along the margin of the ventral 
median fissure. A scattered degeneration of much slighter intensity 
involves the whole of the rest of the antero- lateral column, except for a 
narrow zone immediately abutting upon the grey substance. This 
narrow zone is narrowest at the free apex of the lateral horn and at the 
extreme ventral tip of the anterior horn; it is widest in the inlet of 
white matter bounded ventrally by the lateral horn dorsally by the base 
of the posterior horn, and it is fairly wide at the bottom of the anterior 
column. In each posterior column a small oval patch of degeneration 
lies imbedded deeply, the mesial end nearly meeting the border of the 
grey matter, its other end directed toward the place of entrance of the 
posterior root (Fig. 17). 7 

This patch has not disappeared at the level of the 1st lumbar root and 
some (14) scattered degenerate fibres exist even four segments lower. 
Therefore Schultz’s ‘comma tract’ is present in the lumbar region. 
The border degeneration of the anterior column (cerebellar of Marchi) 
exists not much diminished at the level of 5th lumbar root and, with 
the pyramidal, is traceable even in the lower coccygeal segments. 

In the degeneration along the edge of the median ventral fissure 
the fine fibres are but little involved. This is the reverse of what 


Experiment III. List of Measurements. 


Area 
jevel of bet “absolute” of grey matter 
| of total 9 degen. of antero-lateral white inclusive of 
11 & 12th 3,246 567 (37 of partial 1,908 (1554 of very 714 
Mh „ 8,912 576 435 2 2,803 (548 very m 642 
degen. 
7th „ 5,193 636 411 be 8,806 04 
Sth „ 5,886 708 402 * 8,543 1,191 
2nd „ 7,487 1.050 366 4,098 
7th „ 1,314 249 „ 
6th „ 10,011 2.298 231 os 4,826 8,162 
2nd „ 9,855 2,124 189 10 4,617 2,864 
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was found above the lesion, where the degeneration in this situation 
had removed almost exclusively the fine fibres. 

The fine fibres in Clarke’s vesicular column do not show signs of 
degeneration. Above the degeneration as already described they are 
for a short distance severely involved. 

After section of the cord at the level of the 10th thoracic level, 
the degeneration in Goll’s column, and also the degeneration in the 
ascending antero-lateral and in the direct cerebellar tracts undergoes 
diminution in ascending the cervical region; the diminution of the 
degeneration in the ventral ascending tract is much more marked than 
the diminution in the direct cerebellar’. The areas of degeneration 
belonging to the former and the latter although they approach one 
another nowhere actually coalesce. The anatomy completely bears out 
the statement by Tooth that when the lesion is low down in the cord 
the severance of antero-lateral ascending from direct cerebellar tract is 
very distinct. 

The diminution in the quantity of degeneration is well marked 
in Rhesus as already shown. In man in a cord the opportunity of 
preparing sections from which I owe to Dr Hadden, after complete 
destruction of the posterior columns near the level of the 6th thoracic 
root the ascending degeneration in the posterior column showed a 
similar continued diminution in passing —_ the cervical region. 
(Figs. 18, 19). 

Ist level of Entire posterior columns. Degen. 
2nd thoracic root 6160 3562 
3rd cervical root 8980 1978 
In the Dog in result of complete transverse lesion at the level of 


9th thoracic root the ascending degeneration after 45 days gave the 
following measurements. (Figs. 20, 21.) 


Level of Whole post. col. Degen. 
2nd thoracic root 3380 505 
2nd cervical root 6322 330 


The decrease in the area of degeneration is therefore marked in the 
dog, but apparently not so great as in Rhesus. A very notable 
difference between Dog and Rhesus is the smaller share of the whole 
posterior column which the long ascending degeneration occupies in the 
former. In the dog seven segments above the lesion it occupies less 
than one-siath of the posterior column, in Rhesus eight segments above 


Ct. an observation recorded by me, Brain, 1886, p. 342, 
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the lesion it occupies a third of the column. But at the top of the 
cervical region it forms a larger share of the column than in the 
monkey. The great development of the arm in the monkey doubtless 
involves the contribution of a larger number of afferent fibres from the 
arm than occurs in the cervical region of the Dog. The ascending 
degeneration in the posterior column even only three segments above 
the total transverse lesion of the cord is much less in area when 
compared with the sectional area of the whole column in Dog than 
in Rhesus. In the experiment from which the above measurements 
were quoted the degeneration at the 6th thoracic root level measured 
between a quarter and a third of the whole column, instead of more 
than a half as in Rhesus. In an experiment in which the cord (Dog) was 
completely divided at the level of the 6th thoracic the condition of 
the cord three segments higher is seen in analysis aos 22. By 
measurement it was found that 
Area of whole posterior column Area of nearly absolute degen. 
3372 894 

Le. less than a quarter instead of more than a half as in Expt. III. 
The degeneration had been allowed 52 days. 

In both the experiments on Rhesus, but especially Experiment III., 
a curious relation between the diminution of the degeneration and the 
size of the grey matter appears on analysis. It will be seen from the 
chart that the rapidity of decrease of the area of the degeneration as it 
is followed upward is greatest in those spinal segments in which the 
transverse area of the grey matter is greatest. Schiefferdecker has 
noticed in the Dog that the diminution in the degeneration as followed 
upwards is not a regular one, but is greater in certain segments than in 
others; with this my measurements in monkey agree, and they bring 
out the above significant relationship. 

It will be noticed that the antero-lateral column shows ascending 
degenerations very similar in their topography to that of the monkey; 
the dorsal and the ventral ascending are well marked and the latter 
has its chief foci at the same points of the column as in Rhesus. 

Desire for further information regarding the decrease in the de- 
generation of the median portion of the posterior column as originally 
noticed by Schiefferdecker was the chief incentive to the observations 
of this paper. The decrease in the amount of the degeneration is the 
more remarkable in that the fibres are quite removed from grey matter, 
and grey matter alone in our present knowledge can be their destination. 
The fibres affected by the degeneration can be accounted among the 
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best known in the cord. They are fibres of the afferent spinal roots 
of especially the lumbo-sacral plexus. Their upper destination is always 
considered to be the nucleus gracilis of the bulb. These fibres sorted 
out and arranged in a definite and well known manner so that the 
fibres from the lowest roots are pushed furthest into the extreme 
dorso-mesial angle of the column ascend unmingled with fibres of other 
tracts, so as to form a homogeneous collection and give when the tract 
is cut across a band of absolute degeneration. 

Under these circumstances why should the area of cross-section 
given by the fibres diminish in their transit as a band along the 
cervical region to reach their nucleus in the bulb? It seems to me 
that five suppositions can be made to account for this diminution. 

The arrangement of the fibres might become a closer one during 
their ascent, and so an economy of space might be effected in the cord, 
although the object for such mere spatial economy is not obvious. In that 
way a given unit of the sectional area of the median posterior column 
might at the top of the cervical region contain a larger number of fibres 
than at the top of the thoracic region. This closer packing might be 
effected by reducing the amount of sustentacular tissue between them, 
or by reducing the size of the fibres, or by both. Several 
(v. Lenhossek, Stilling, Schwalbe, Mott, Tooth,) have recorded an 
impression that the fibres of this column are finer at the top of the cord 
than at the bottom and I have long had the same impression myself. 
On attempting however to definitely gauge the facts it soon became 
obvious that to do so is no light labour. Even in this homogeneous 
tract the calibre of the individual fibres varies enough to make a very 
large number of micrometer measurements necessary for the decision 
—at least several hundreds of measurements. As this point did not 
intimately affect my question I have not proceeded to the measure- 
ments. 

That the amount of sustentacular tissue between the fibres is 
lessened as the cord is ascended I believe, although it must be 
remembered that at the extreme top of the cervical region e.g. level of 
Ist cervical root, there appear, especially in the case of the Dog, a 
number of little islets of connective tissue in the posterior column some 
of which occasionally, as I have shown elsewhere, contain outlying ganglion 
cells like the cells of Clarke’s column and of the cuneate nucleus. My | 
belief that apart from small collections of connective tissue at the 
extreme upper end of the column the fibres are more closely packed in 


the upper portion of the cervical region than in the upper part of the 
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thoracic region is derived from observations of the following kind. 
Measurements were made with the form of microstat used for obtaining 
the other analyses given in this paper. The movements of the stage in 
two directions at right angles one to another are capable of measure- 
ment by two verniers attached to the stage. An eyepiece micrometer 
divides a large square inscribed in the circular field of the microscope 
into 64 small squares. The nerve-fibres in the 32 innermost of these, 
where definition is good, are counted through an E (Zeiss) objective 
ocular 4 (Zeiss). The number as each small square is counted is 
recorded in a square on a sheet of “proportional” paper; the same 
mutual relation between the squares on the paper is maintained as that 
existing between the squares in the field. By using fine rack and 
pinion adjustments, when the direction of the lines demarcating the 
squares in the eyepiece has been brought into accurate coincidence with 
the directions of one of the two movements of the stage, the section can 
be shifted so far to the side, to the top or bottom, that the adjoining 
right hand, left hand, top or bottom portion of it is accurately brought 
to lie under the same 32 squares for examination. The adjustment to 
lp is easy on the stage. In that way an accurate topographical analysis 
is obtained of a portion of or of the whole transverse section of the 
cord. In this method of transcription there is no risk of the distortion 
which can so easily occur in drawing with the camera lucida unless the 
inclination of the prism be exactly compensated by the tilting of the 
surface drawn upon. This risk of distortion with the camera is not of 
much importance where the object outlined is only a small portion of 
the field, e.g. a single group of cells or a single cell, but where the 
topography of the larger part of the field has to be correctly given with 
regard not only to its own relations but to those of neighbouring 
successive fields the method given here has in my hands been greatly 
preferable. 

In this way comparative measurements were attempted in the cord 
of Rhesus at two levels of the cord. The Ist thoracic was compared 
with the 3rd cervical and the 2ud thoracic with the 2nd cervical. Two 
preparations stained with carmine were compared together and two 
stained with hematoxylin (Weigert-Pal) were compared together. 
The carmine stained preparations of cord were from a larger animal 
than that furnishing the Weigert preparations. Especial care was 
taken that the cord from which each of the pairs from comparison was 
cut should be completely dehydrated before preparing the sections from 
it. The sections were cut from celloidin imbedding (Caldwell’s 
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method). The Zeiss 2mm. homogeneous oil objective with eyepiece 
4 was used for the counting. 

I first attempted to count the fibres by projecting sections on to a screen 
with the optical lantern ; I found however that fine fibres were missed in this 


way. I then projected microphotographs' but found the same difficulty, and 
the fields are by both methods too small to be fair samples. 


Carmine Preparations. 200 small squares were counted out of the 


median posterior column. The 200 squares were scattered over all 


parts of the column which at the Ist thoracic contained about 800 
such squares; but the choice of each square was partly dependent on 
the quality of the preparation at the point. At the level of the Ist 


thoracic the 200 squares contained 4482 nerve-fibres, giving an average 


of 22-41 nerve-fibres per square. At the level of the 3rd cervical the 
200 squares contained 4675 nerve-fibres, there being on the average 
23°38 fibres per square. The squares nearest the dorsal angle of the 
column gave a higher number of contained fibres than in the column 
at a little distance from the dorsal angle so that the 35 squares counted 
nearest to that angle had an average content of 26˙4 in the section 
taken from the level of the 3rd cervical root. ; 
Meigert-Pal preparations. At the level of the 2nd thoracic root 
49 squares were counted in the median posterior column of the 
right side and 323 in the column of the left side. The 49 squares 
contained 2317 nerve-fibres, the 323 squares 14891 nerve-fibres; the 
49 right hand squares gave an average therefore of 472 nerve-fibres 
per square, the 323 an average of 4671 per square. (Fig. 23.) 

At the level of the 2nd cervical root 49 squares in approximately 
the same part of the column as the 49 taken at the 2nd thoracic root 
contained 2394 nerve-fibres, ie. 48°8 fibres per square. In the other 
column, ie. right hand, 196 squares were counted in a position more 
closely abutting upon the dorsal angle of the column and more closely 
hugging the median dorsal septum than the squares counted at the 2nd 
thoracic level, in order to allow for the kind of shifting of position to 
which the fibres in the column are subjected as revealed by the 
degenerations studied above. (Fig. 24.) In the 196 squares 9724 fibres 
were found, giving an average of 49°6 to the square. The condensation 
found therefore would account for a diminution in size of the area of 
absolute degeneration of about 8 p.c. It is however difficult to feel 


1 Some of the microphotographs were shown at a meeting of the Physiological Society 
at Oxford, June, 1892. The countings were quoted to the Society, December, 1891. 
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satisfied with such spproximations. One difficulty attending them is 
the impossibility of giving a hard and fast line to the boundary between 


_ median-posterior and lateral-posterior divisions of the posterior white 


column. Concerning this boundary two facts became obvious during 
the investigation. Even at the very lower end of the cord, especially 
in the cat, a considerable septum of connective tissue distinctly 
separates the median posterior from the lateral-posterior division ; but 
the septum is not a continuous sheet of division, it is interrupted at 
intervals, or rather it consists of a series of short separate overlapping 
segments so that in a cross section of the cord two parallel septa are 
at many places to be found instead of one. The arrangement is com- 
parable to the arrangement of the plates in a piece of plate armour. 
In the slanting gaps between the plates sheets of nerve-fibres slip 
into the median posterior out of the lateral posterior division of the 
column. The septum is therefore in some places an absolute guide 
to the limit of Goll’s column, but in certain places there is some of 
the column outside it, and especially is the deeper part of the septum 
an insecure guide to the line of demarcation. Moreover the septa are 
almost confined to the more superficial part of the column; as to the 
limits of the deepest part of Goll’s column they give little information, 


even where they are best developed, ie. in the upper part of the 


cervical region. 

Examination of the posterior column especially in the cervical region 
shows however another guide to the boundary between the median and 
lateral divisions of it. There is a band-like region in which the nerve- 
fibres are more densely packed than elsewhere, and in which the fibres 
are more alike in size and structure than in other parts. The band 
corresponds in position as to its superficial part with the septum just 
referred to, but can be traced further inwards than the septum, so that 
it finally meets the median posterior fissure. It may be called the band 
of condensation and when taken in both right and left hand halves 
of the cord together it, as followed upward through the cervical region, 
encloses between itself and the free dorsal surface of the cord a 
continually increasing triangular area—it demarcates in fact the 


column of Goll, the limits of which can by its help be easily seen with 
the naked eye in sections of the cervical cord of the dog and cat as well 


as of monkey and of man. 

In this band of condensation the average number of nerve-fibres 
per square instead of being less than 50 was 548 (1372 nerve-fibres 
found in a block of 25 squares taken in the zone—the squares arranged 
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as a larger square, 5 small squares across. The degree of condensation 
in this zone was as marked at the bottom of the cervical region as at 
the top. Within the median posterior column behind this zone the 
packing of the nerve- fibres is in many places less close at the level of 
the 2nd cervical than at the level of the 2nd thoracic root. 

A liberal allowance for the amount of condensation including that 
of the band of condensation would in view of the above measurements be 
16°/, in passing from the top of the thoracic to the top of the cervical 
region. But the actual diminution observed requires nearly 50% 

The diminution might be explicable if along the cervical region 
scattered degenerating fibres could be seen in the sound portion of the 
column intervening between the area of degeneration and the grey 
matter. Such fibres might mean that the patch of degenerated fibres 
was continually being diminished by fibres given off from it to enter 
and end in the grey matter of the cord. The less abrupt edge to the 
degeneration on the side turned toward the grey matter is itself a hint 
that fibres are given off from that border in the direction of the grey 
matter, As shown in the analyses a certain number of degenerating fibres 
are seen in the deep sound portion of the column and some of them 
quite near the posterior grey commissure, especially in the region of the 
cervical enlargement. They hug the median septum and are ranged 
beside it. Their existence reminds one of the fact that in sections 
prepared in the transverse plane of the cord it is not uncommon 
(especially I think in the human cord) to find medullated fibres 
running horizontally forward toward the grey matter by the side of 
the median septum and coming from the dorsal apex of the column. 
The size of these fibres is small-medium like the majority of the fibres 
of Goll’s column. But they are few in number. To be found 
at all regions of the cord they are perhaps most numerous in the 
bulb in the neighbourhood of the nucleus gracilis. Computing 
from the size of the patch of degeneration and the number of fibres 
contained in 200 squares of the median posterior column in the normal 
cord of Rhesus it seems safe to say that at the level of the 2nd cervical 
root the patch of degeneration observed in Expt. III. meant the de- 
struction of about 60,000 nerve-fibres in the posterior column at 
that level; allowing for condensation of packing at somewhat more 
than 16°/, this would mean that the 60,000 nerve-fibres above stood in 
place of about 100,000 in degeneration below at the 2nd thoracic 
root-level. The number of degenerated fibres passing from the patch 
in Goll’s column into the grey matter between the levels of the 2nd 
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thoracic and the 2nd cervical roots would be about 40,000. So large a 
quantity as this, it will be seen from the analyses, my observations will 
not, I think, account for. 

To what extent can the measurement of the diminution have been 
vitiated by errors in determining the true ventral limits of the degene- 
rated area? In the extreme apex of the triangular wedge of degenera- 
tion the degeneration is not absolute, as already explained. Broadly 
speaking this limit becomes more sharp as the degeneration is followed 
upward along the cord; by including the more diffuse degeneration in 
the absolute area in lower levels a magnification of the difference in size 
between the degeneration below and above would result. To obviate 
this the degeneration limits taken in the lower level was purposely kept 
at a distance within the actual boundary of degeneration where, at the 
deep apex of the patch, the boundary was not aclear line made by normal 
column abutting on absolute degeneration. It is true that in the space 
of nearly three months some of the scattered fibres might have been 
completely removed and left no trace, but considering that many were 
still present and that degenerating fibres persist for much longer than 
six months in the cord I do not think that explanation will fully meet 
the discrepancy. 

A further point to be considered is this. Is the degeneration only 
rendered absolute by the destruction of fibres that are really not 
affected by the original lesion but that lying imbedded in a mass of 
degenerating ones become themselves involved in the degenerative 
process? This appears to me a difficult point to settle. When in the 
dog the ascending degeneration has only been allowed to run five weeks 
there are a certain number of apparently healthy fibres imbedded in 
even the most deeply degenerated portion. That is to say the degene- 
ration is not then absolute. But against the interpretation of this 
fact as meaning that these fibres are not affected by the primary lesion 
it must not be forgotten that it is as yet unknown whether the fibres 
composing a tract all undergo degeneration at the same rate. The 
fibres of different tracts according to Homén do not, and in the peri- 
pheral nervous system of course well known differences exist. That 
mere anatomical commingling of sound fibres with degenerated does 
often not harm the former is well shown by the perfectly healthy appear- 
ance of the arciform fibres where they pass through a degenerated pyramid 
even when sclerosis has contracted the pyramid to a half of its original 
sectional area. To this I have previously drawn attention. But that 
the sclerosis of a tract can in some cases cause degeneration of nerve- 


* 
Z | 
2 
1 


292 C. S. SHERRINGTON. 


fibres not physiologically belonging to it is I think certain from the 
following observation upon the dog. 

The left lateral posterior column was partially cut through at the 
level of the Ist cervical nerve-root, and twenty months later the animal 
was killed with chloroform and the cord and brain carefully removed 
and hardened. Sections show that the lesion involved about one-fifth 
of the circumference of the cord, in its dorso-lateral aspect, just above 
the level of the first cervical root. The so-called ascending root of the 
5th has been completely severed at the level of the lesion but the lateral 
column is practically untouched. Below the lesion this so-called ascend- 
ing root has in great part degenerated and is represented by a patch of 
sclerosis. I cannot trace it further downward than midway between 
the 2nd and 3rd cervical root-levels. Dr Tooth has observed that the 
ascending root of the 5th degenerates below lesion of it. His observation 
of the point is prior to my own’; it confirms an observation by Waller. 

Above the lesion the ascending root of the 5th is to all appearance 
intact. There is some sclerosis in the external posterior column, and 
the fibres surrounding the cuneate nucleus are replaced to some 
extent by scar tissue. The point to which I now wish to call attention 
is that a few fibres were still undergoing degeneration in the 
posterior column above the lesion, although the lesion had been made 
twenty months previously. One may therefore think that the 
mere sclerosing process was at the time the animal was killed slowly 
destroying fibres in it or near it by compressing or by dragging upon 
them. On the other hand a tertiary degeneration such as described 
by Langley and myself may have been in progress. 


Herzen and Löwenthal included the ascending root of the Vth in an 
incision into the posterior and lateral columns above the Ist cervical nerve. 
In describing the degenerations resulting from the injury they do not record 
any at all in the ascending Vth’, either above or below the lesion. 


The distribution of the degenerations in this case closely resembles 
the distribution of the degenerations above described as occurring in 
Experiment I.; the chief difference between them exists in the quantity 
of degeneration in this case being less than in the other, but on the 
other hand in this the fibre-bundles of the ascending Vth are 
involved; they were in Experiment I. not touched. I cannot avoid 


1 Dr Tooth’s observation has now been published, i.e. in this Journal, December, 
1892 


® Vulpian’s Archives, Vol. vil. p. 260, 
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attributing to this difference in the involvement of the ascending Vth in 
the two cases a great difference in the symptoms presented during life 
by the two animals. In Experiment I. as already stated the symptoms 
discoverable were so slight as to need minute examination for their 
detection. In the present experiment in which the ascending root of 
the Vth was severed symptoms of a most striking character at once 
ensued. As recorded at the time they were as follows. 


Jan. 20th, 1890. 1 p.m. Small shallow incision into outer part of left 
lateral posterior column just behind the occiput (in front of Ist cervical root). 
At 4 p.m. Left pupil is slightly smaller than the right, but both as small as 
though recovered from chloroform the animal is still under morphia. The 
left ear is much warmer than the right, but there is no obvious difference 
between the tint of the conjunctiva or the lips on the right and left 
sides. 

Jan. 21st. Left eye, conjunctiva injected, cornea hazy, too hazy to observe 
distinctly the size of the pupil. The conjunctiva and cornea are quite insensi- 
tive. The left side of the snout is less sensitive than the right ; the left side 
„ feelers” can be pulled without irritating the animal, but he resents the 
slightest pull upon the right side “ feelers.” The whole of the left half of the 
face above the mouth and below the eye is much less sensitive than the 
right side. Tickling the nostril is not felt on the left side but in the skin 
over the lower jaw and above the eye there is no obvious difference right and 
left. The tip of the left ear is much hotter than the right. There is difficulty 
in the movement of opening the mouth when fed ; but when food has been 
placed inside the front of the mouth it is easily swallowed. The move- 
ments of the tongue appear normal, and there is no obvious difference in 
sensitiveness between the right and left sides of the tongue. No difference 
exists in the tint of the buccal mucous membrane of the right and 
left sides. (This note was made at 9 A. M.; at 5 p.m. Mr Nettleship 
kindly came down from the Ophthalmic Department and examined the 
condition of the eyes and face. He confirmed the observations made in the 
morning and made the additional that though injected the surface of the eye 
is rather dry.) The breathing was unaffected. The animal fed well although 
it had difficulty in lapping up milk, the lapping movement being obviously 
clumsy. 

Jan. 22. As yesterday. Jan. 23. As yesterday. 

Jan. 24. Cornea more opaque. Seen by Professor Foster. 

Jan. 26. The difficulty in taking up food, especially in lapping appears 
to be chiefly in the labial part of the process. There is less difference 
between the temperature of the right and left ears; the less sensitiveness 
of the left side of the face is quite marked. Eye sketched by Mr Lapidge. 
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Jan. 30th. Eye clearer—less injected. Jan. 31. Sensitiveness of left 
side of face is markedly less than of right. 

Feb. 4th. Much less difference between temperature of ears and sensitive- 
ness of two halves of muzzle. 

Feb. 6th. Very little difference between temperature of ears and sensitive- 
ness of the two sides of the muzzle. 

Feb. 28th. A slight difference still appears to exist between sensitiveness 
of right and left sides of face. 

After this date no difference could for certain be stated between the two 
sides, except on conjunctiva and in nostril. | 

The resemblance between these symptoms and those originally noted by 
Magendie and Mayo as following section of the 5th cranial trunk at the 
Gasserian ganglion is evident. A plan for attempting section of the ascending 
root of the 5th in the bulb by its subcutaneous transfixion through the muscles 
of the neck and the atlantoid membrane has been practised in the rabbit by 
Duval and Laborde’. The symptoms seen in my experiment accord closely 
with those obtained by these experimenters using that transfixion method. 
They were not successful in getting a recovery from their operation, the 
animal usually dying on the succeeding day, but the interval that elapsed was 
sufficient not only for the asceriainment of ansesthesia of the nostril” but 
for the onset of inflammation of the eye. Herzen and Loewenthal’ 
mention in describing the effects following their above-mentioned incision 
into the bulb that the pupil was slightly contracted on the side of lesion, and 
that the ear on that side was warmer than the ear on the other’. 


Therefore in my experiments, in which the ascending Vth was 
cut at Ist cervical level, ensued besides great flushing of the ear and 
slight contraction of the pupil, loss of sensation in the cornea, conjunctiva 
and one half of the muzzle, at first almost absolute in character, but 
rapidly diminishing and ultimately disappearing; and this was ac- 
companied by a keratitis of extraordinarily rapid onset not ending in 
sloughing but leaving permanent opacity. These symptoms did not 
ensue in Experiment I., in which practically the same part was injured 
with the exception of the ascending Vth. 


1 Trav. d. Laborat. de Physiol. d. I. Faculté de Med. de Paris. 1885. 

2 loc. cit. 

Tooth in his recently published paper says, I was unable to satisfy myself that 
there was any loss of sensation in the face.” He mentions however that Drs Ferrier 
and Turner after extensive lesion of the lower restiform body involving the ascending 
root of the Vth high up have found complete loss of sensation on that side of the face, 
including the conjunctiva.” These experiments are still unpublished. They seem to 
accord with the experiment given here. 


* 
1 
4 
— 
a 
4, 
* 


ASCENDING DEGENERATIONS. 295 


While discussing the significance of the progressive alteration in bulk 
of these ascending degenerations another possibility may be mentioned, 
The affected fibres of a nerve-tract undergoing degeneration, scattered 
it may be among a majority of sound ones, not infrequently occur in 
pairs. That is to say two degenerating fibres, of similar size and in 
the same stage of decay lie almost or actually side by side, and in 
some cases are enclosed within a sheath common to both of them. 
In March 1889 I showed at a meeting of the Physiological Society a 
number of specimens of such pairs or geminal-fibres” in degenerations 
in the pyramidal tract’. As was then stated I had reason to think 
that after a cortical lesion the number of degenerating fibres in the 
pyramidal tract is sometimes rather greater at a lower level of the cord 
than at a higher. No good evidence obtains that a secondary degene- 
ration travels from one fibre to another across a grey-matter adjunction, 
and the paired appearance of the degenerating fibres su a 
branching of the fibres by dichotomous or other division in the course 
of their descent. At that time the researches of Ramon y Cajal, 
ꝑKölliker and others had not appeared, and the possibility that medul- 
lated fibres in the brain and cord gave off branches had I think never 
been seriously considered. The measurements by Stilling, by v. 
Lenhossek, and by Gaule are subjected to a considerable alteration 
in meaning if that possibility is admitted. 

An obvious objection to this interpretation of the occurrence of 
“geminal fibres” is that where numerous degenerate fibres are present 
it is only in accordance with probability that in some cases two will 
happen to lie alongside each other. Against the appearance being thus 
explicable as a mere chance juxtaposition, it has to be remembered 
that the fibres referred to are not merely juxtaposed, but are also as 
judged of by the tint that they assume under various staining methods, 
and by the degree of formal disintegration which they exhibit, in the 
same stage of decay one as another (Fig. 25); and further that in some 
instances they exhibit the possession of a sheath common to both of 
the two fibres (Fig. 26). That the “paired” fibres are really kindred 
is shown by the following. After section of the Ist sacral posterior root 
the few scattered fibres in the median posterior column found degene- 
rate at the level of the Ist cervical nerve display several “geminals.” 
That is to say among the fibres derived from various distances below 
and commingled in the median posterior column the pairing indicates a 


This Journal, Vol. x. p. 429. 
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community of origin from the same segmental level. To examine the 
relationship further I followed other plans of detecting their existence. 
Although the fibres of the pyramidal tract are in the cord largely com- 
mingled with other fibres, in the pyramid itself its fibres are not com- 
mingled with others except with arciform, easily distinguishable by their 
course in a plane at right angles to that of the pyramidal fibres. At the 
same time not quite all the fibres of one pyramid degenerate after even 
very large ablations from the cortex of one hemisphere. I attempted 
therefore to obtain a very large and complete degeneration of the pyramid 
and to then see if the few sound fibres remaining in the degeneration 
mass occurred in pairs; in fact one attempted to obtain a positive 
picture of the fibres in place of the negative already furnished. 
Search made in this way reveals both in Rhesus (Fig. 26) and in Dog 
numerous examples of “geminal” arrangement among the sparse sound 
fibres in a severely degenerated pyramid, in fact most of the larger of 
the sound fibres occur in pairs, a few in triplets. 

It also seemed desirable to ascertain whether or no the appearance 
had a wider distribution than the pyramidal tract, and whether it 
occurred in degenerations of afferent as well as of efferent tracts. 
Search has yielded me examples of geminals in degenerations in the 
following situations : 

in descending degeneration running from the “cord-area” of the 
cortex into the grey matter of the substantia nigra (monkey) ; 

in the crossed pyramidal tract (Monkey and Dog); 

in the recrossed pyramidal degeneration, but not common there 
(Monkey and Dog); 

in the descending degeneration in the anterior column near the 
edge of the ventral median fissure ; 

in the corpus callosum (Monkey, cortical lesions) ; 

in the direct cerebellar tract (Monkey and Dog); 

in the median posterior column after posterior root lesions as well 
as after spinal (Man, Monkey, Dog) ; 

in large ascending fibres lying in the area of the crossed — 
tract (Monkey) ; 

in the ascending antero-lateral tract (Monkey) ; 

If in the central nervous system the arrangement of nerve-fibres in 
such a way as to take or leave when studied by the degeneration 
method the above-mentioned pairs, etc. be really significant of ramifica- 
tion some corroborative evidence of the arrangement as not merely 
accidental might be expected from observations on the date of 
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myelination of the fibres in the tracts. The fibres in even a homo- 
geneous tract such as the median posterior degenerate not all of them 
at the same time or rather perhaps not all at the same rate. In the 
same way although the mass of fibres of particular tracts have been 
known, since Flechsig at Ludwig’s suggestion investigated the 
matter, to myelinate at particular epochs, myelination does not go 
forward exactly equally in all the component fibres of the tract. 
Especially is this so in the complex of the pyramidal tract. One might 
expect therefore that if functional relationship rather than anatomical 
accident is to explain the juxtaposition of the fibres the same close 
relationship might also occasion a contemporaneity of date of acquire- 
ment of the myelin sheath by the two fibres. In short it might be 
expected that “geminal” fibres just as they degenerate together and 
escape degeneration together, might together myelinate. This is in fact 
the case. Fibres myelinating in pairs are numerous in the developing 
cord. Fig. 30 represents an instance from the human cord. The pairs 
both small and large are numerous in the developing cord, and especially 
so the larger. 

The calibre of the fibres showing a paired arrangement is various 
not only in the developing but in the adult cord. The larger are 
naturally the more obvious, and it may be their greater prominence 
that leads one to believe them the more numerous. Allied to the 
paired arrangement of the fibres is perhaps a rarer triple, and even a 
quadruple grouping, suggesting that if the paired appearance be due 
to dichotomous division there may perhaps be other modes of division 
also—that is to say bigeminal, trigeminal, etc. In longitudinal sections 
I have not yet succeeded in obtaining indubitable evidence of the 
existence of dichotomy of the nerve-fibres in the mammalian posterior 
column, but in the cord of the Pike good examples may be found. I 
find there no node of Ranvier at the site of division. I refer to the 
subject here because in the face of dichotomous branching of the root- 
fibres in the median posterior column the diminution of degeneration 
upward in that column becomes yet more remarkable. The patch of 
degeneration in it should as followed upward increase rather than 
diminish: The geminal fibres in the median posterior column of the 
adult cord are probably an expression of the side branching of the root- 
fibres revealed in the fetal cord by Golgi’s method. The geminal 
fibres indicate that the “collateral” fibre is at origin of nearly the same 
size as the parent fibre, and is, like it, well myelinated ; that at first 
both fibres lies in a common sheath, that the angle of divergence of 
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branch from parent is often in the adult not wide at outset, and that no 
node of Ranvier exists at the site of origin of the collateral. 


Certain conclusions, some old some new, supported by the above 
observations may be briefly recapitulated. 

A large number of the nerve-fibres of the afferent root of the 2nd 
cervical spinal nerve of Macacus rhesus, pass upwards in the lateral 
division of the posterior column of the cord and in the funiculus 
cuneatus to enter and end in the cuneate nucleus of the bulb— 
especially in the external mass of that nucleus. But many of the fibres 
terminate below (distal to) that mass. The external cuneate nucleus 
appears to bear about the same relation to this root as does Clarke’s 
vesicular column to a low lumbar root. | 

At the extreme upper part of the cervical cord there is in the 
anterior column, close to the edge of the median ventral fissure, an 
ascending tract consisting of fibres of short length. After injury at 
the 2nd cervical segment some of the degenerating fibres can be traced 
as far forward as the upper limit of the pyramidal decussation. 

After section of the sensory root of the 2nd cervical spinal nerve of 
the right side the degeneration resulting is limited entirely to the nght 
half of the cord and bulb. 

The only obvious clinical symptom of the lesion was a patch of 
diminished tactile sensation along the ear and lower jaw. 

After almost complete division of the whole posterior columns 
of the cord in the lower part of the thoracic region no indubitable 
abnormality of movement or sensation was detectable ten days after 
the establishment of the lesion. 

The resulting ascending degeneration diminished greatly in its 
course along the cord, and considerably in the cervical region, but 
extended into the nucleus gracilis of the bulb. No degeneration at all 
was detected in either lateral column. 

After complete transverse section of the cord in the lower thoracic 
region ascending degenerations are traceable upward to the bulb in the 
posterior columns, in the lateral columns and in the anterior columns. 
In each of these columns the longer fibres tend to occupy the more 
peripheral positions in the cross section of the cord, the shorter to be 
nearer to the grey matter; and in each of these columns the degenera- 
tions progressively and greatly diminish during their ascent of the cord, 
especially so the degeneration in the anterolateral tract. Although in 
certain ways it is well to name a spinal tract, some fibres of which are 
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traceable into the cerebellum, the cerebellar tract,‘e.g. direct cerebellar 
tract, that term will be misleading if thereby be forgotten the fact that 
for the bulk of fibres in the tract their ending as well as their origin 
lies in the spinal cord itself.. 

Below the lesion descending degeneration occurs reaching in the 
anterior and lateral columns to the extreme lower end of the cord, in 
the posterior column for about two segments only. In the vesicular 
column of Clarke there is a degeneration for a short distance above the 
lesion, but none below the lesion. 

Of the fibres in the anterior column along the edge of the ventral 
fissure those which undergo degeneration above the lesion are for the 
most part of much smaller size than those which degenerate in that 
situation below the seat of lesion. 

In the ‘median posterior column the degeneration during its ascent 
along the cervical region of the cord appears to give off a certain 
number of fibres to the grey matter of the cord and the diminution 
of the degeneration appears to be greatest in spinal segments which 
contain a large amount of grey matter. 

There is in the median posterior portion of the posterior column a 
condensation of the packing of the nerve-fibres, the closer packing 
affects particularly a V shaped band which may be called the “ band 
of condensation.” of the posterior column. This zone is distinguishable 
by the naked eye in the cervical region. 

In the lateral formatio reticularis of the cord i. in lateral 
limiting layer, are fibres, chiefly of small size, which degenerate above 
lesion of them, ie. that ascend, and are probably fibres of the posterior 
root. 

In many tracts of the central nervous system, both ascending and 
descending, the nerve-fibres exhibit a geminal ” character. 

The diminution in the quantity of degeneration in the median 
posterior column of the cord in its ascent of the cervical region may 
amount to nearly 50°/, in man and monkey, to less in dog. This 


1 Flechsig, at least when he introduced the name, believed that the upper end of all 
the fibres extends into the cerebellum. But this is scarcely compatible with the fact that 
the degeneration diminishes in quantity as it is traced upward. The observation by 
Loewenthal that the upper end of the ascending antero-lateral tract of Gowers 
extends into the cerebellum has been confirmed by Auerbach, recently by Mott, Schäfer, 
and Tooth, and it has been proposed to substitute for Gower’s term ‘ascending 
anterolateral’ Loewenthal’s term ‘ventral cerebellar.’ This nomenclature how- 
ever lies open to the same objection as that advanced here against Flechsig’s, and still 
more open. 
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decrease cannot be fully accounted for by progressive condensation of the 
arrangement of the fibres of the column as the top of the cord is 
approached. Such a closer packing of the fibres exists but does not 
account for a diminution of 20°/,; the deficit is made still greater by 
‘geminal fibres’; the decrease is due to the escape of fibres from the 
deep edge of the tract into the grey matter especially in the lower 
cervical enlargement. 

The so-called ascending root of the Vth cranial nerve being divided 
at the level of the Ist cervical segment the fibres of it degenerate 
below but not above the place of lesion, and there is immediate loss of 
sensation at first amounting to anesthesia, on the same side of the 
muzzle, and in the cornea of the same side, and keratitis may appear in 
24 hours, and may result in opacity. 

In the spinal cord the posterior root has a number of fibres 
which on entering the cord descend (Ramon y Cayal, Kölliker, v. 
Gehuchten) for a distance in proximity to the posterior grey cornu ; 
the so-called ascending root of the Vth cranial, is in part, nothing 
more than a well-marked instance of the same arrangement. In 
both cases the fibres composing this descending portion of the 
posterior root degenerate below a lesion which passes across them in 
their intraspinal course. 

In the cord long fibres tend to lie near the surface except at ending 
and beginning; short tend to hug the grey matter. 

Finally, the above observations contribute an item toward illustra- 
tion of an arrangement indicated by many researches that bear upon 
the afferent entries of the cord, namely, that a posterior spinal root 
establishes direct connections (‘adjunctions’ to judge by the results of 
the Golgi method) on its own side of the median plane not with one 
but with a great number of the chain of segments of the neural axis 
(e.g. afferent fibres from the leg plunging directly into grey matter of 
brachial spinal segments), whereas evidence of such direct relation of 
the fibres of a motor root to more than one or some very limited number 
of spinal segments is still wanting or at present even negatived. 

Ct. this Journal, xm. 707. A further observation points in the same direction as did 
my previous Spinal cord (Macacus) divided at the top of the 11th and also at the extreme 
bottom of the 12th thoracic segment. Five weeks’ degeneration allowed. Heavy degene- 
ration of the two highest filaments of the 11th anterior root, right and left. All other 
filaments of this, as well as all filaments of the 12th absolutely intact. The large and 
small fibres in these root-filaments exhibit no difference from one another in the reaction ; 
they undergo degeneration together, and they remain sound together. 

Lonpon, June 1892. 
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EXPLANATION OF FIGURES. 
Pars XIII. XIV. XV. XVI. XVII. XVIII. 
Experiment I. 


Fig. 1. Opposite lower part of 2nd cervical root. * 4. 

Fig. 2. Opposite upper part of 2nd cervical root. x 4. 

Fig. 3. Just below the pyramidal decussation. x 40. 

Fig. 4. Just above the Ist cervical root. x 35. 0 four bands of 
degeneration. 

Fig. 5. Just above the pyramidal decussation. « 35. 

Fig. 6. Just below apex of the 4th ventricle. x 24. 

bigs. 3—6 are maps drawn in manner described in text with obj. E. oc. 
4 Zeiss. N. G., nucleus gracilis. N.C. nucleus cuneatus. S. G. Substantia 
gelatinosa, C. R. restiform body. N. H. nucleus hypoglossi. V.a. “Ascending” 
root of the 5th cranial. N.V. nucleus vagi. V. “ascending” root of the 
vagus, N. C. I. internal division of the cuneate nucleus. N. C. E. external 
division of the cuneate nucleus. / denotes fine fibres, c denotes coarse. 
Shaded area |||| denotes very severe degeneration ; x = severe ; x considerable; 
1, 2, 3, &. = actual number of degenerated fibres seen. 
The grey matter is rendered by stippling. 


Experiment II. 


Fig. 7. Measured outline of degenerated and undegenerated parts of the 
posterior columns at the 10th thoracie level. 

Fig. 8. Ditto at 3rd thoracic level. 

Fig. 9. „ „ 8th cervical level. 

Fig. 10. „ „ 3rd cervical level. 


Experiment III. 


The degeneration being bilaterally symmetrical it has not been thought 
necessary to represent both sides in every figure. 

Fig. 11. Map of the degenerations at the $th thoracic level; drawn by 
the method described in text with obj. E. oc. 4 Zeiss. 

Fig. 12. Map at the 7th thoracic level. 

Fig. 13. Outline map at 5th thoracic level. 

Fig. 14. Map at 2nd thoracic level. 

Fig. 15. Map at 5th cervical level. 

Fig. 16. Map at 2nd cervical level. 


Fig. 164. Map of descending degeneration at 2nd cervical segment of 
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Macacus rhesus after very large cortical lesion; for comparison with ascending 
degeneration in Fig. 16. 

Fig. 17. Map at }} thoracic level. 

Fig. 174. Map of degeneration of 11th thoracic segment of the same 
cord as furnished Map 16 a. 

Fig. 18. Ascending degeneration in posterior column. Human cord. 
2nd thoracic. 

Fig. 19. Ascending degeneration in posterior column. Same cord. 
Zrd cervical. 

Fig. 20. Ascending degeneration in posterior column. Cord of Dog. 
2nd thoracic. 

Fig. 21. Ascending degeneration in posterior column. Same cord. 
2nd cervical. 

Fig. 22. Ascending degeneration in Oord of Dog. 3rd thoracic. 

Figs. 23, 24. Fibres in the median posterior column of Macacus rhesus. 

Fig. 25. a. B. . Geminal fibres of various sizes degenerating. 

Fig. 26. Geminal fibres (degenerated) enclosed in a common sheath. 

Fig. 27. „ ” ” 

Fig. 28. in human median posterior column. 

Fig. 29. 5 „ intact in a degeneration scar. 

Fig. 30. » becoming myelinate together (human cord). 

Fig. 31. Keratitis after section of “Ascending root” of 5th cranial. 

Figures 25 to 30 inclusive are from photomicrographs by Mr Bousfield, 
the magnification being in every case 700 diameters. 

Figure 31 is from a sketch by Mr Lapidge. 

For Chart on Plate XVIII., see text, p. 285. 
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ON THE PHYSIOLOGY OF THE DEPRESSOR NERVE. 
By W. M BAYLISS, B.A. (Oron.), B. Se. (Lond.). (Plates XIX., 
XX. XXL) 


(From the Physiological Laboratory of University College, London.) 


THE research of which the present paper is an account was undertaken 
with two objects in view, and will accordingly be divided into two parts ; 
Part I. will be devoted to the direct evidence of local changes in the 
condition of the circulation in various organs and parts of the body 
during excitation of the central end of the depressor nerve, and Part II. 
to experiments on the nature of the process in the vaso-motor centre 
itself during excitation of the depressor nerve, and especially as to 
whether the vascular dilatation produced is due to inhibition of tonic 
vaso-constrictor impulses or to the excitation of vaso-dilator nerves. 


PART L 
ON THE LOCAL ACTION OF THE DEPRESSOR NERVE. 


Ludwig and Cyon' in their paper announcing the discovery of the 
depressor nerve state that its action is practically confined to the region 
supplied by the splanchnic nerves, but not entirely, since they find that 
section of both splanchnic nerves or compression of the aorta at the 
diaphragm does not entirely abolish the reflex fall of blood-pressure 
produced by exciting the central end of the depressor nerve, although 
the amount of fall was very small. Stelling* confirms this result, but 
finds no effect whatever of excitation of the depressor on the blood- 
pressure after section of the spinal cord in the cervical region, and this 
indeed is what one would expect in the — of Gaskell's discoveries 
on the outflow of the vascular nerves. 


1 % Die Reflexe eines der sensiblen Nerven des Herzens auf die motorischen Nerven der 
n Ber. der Sucha. Ges. der Wissenschaften, 1866. 


2 « Exper. 
den Blutdruck. Diss. Dorpat, 1867, * 48. 
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My first object was, then, if possible to obtain direct evidence of 
vascular dilatation in regions of the body other than those innervated 
through the splanchnics, and I directed my attention first to the limbs 


as being most easily investigated. 


1, The Hind-limb. 


The method employed was the plethysmographic one first described 
by Mosso’. The limb is enclosed in a glass cylinder filled with water, 
the connection being made tight by means of an india-rubber collar 
greased with vaselin, the movements of the water-level in a tubulure on 
the upper part of the cylinder are inscribed on a smoked paper by 
means of a delicate Marey’s tambour. In all the experiments described 
in this paper the animal was anesthetized by morphia (5 to 10 minims 
of the hypodermic solution) and chloroform, except in a few cases, 
where chloroform alone was given or sometimes in conjunction with 
chloral. Curare was usually given by injection into the external 
jugular vein, and of course in all experiments on the limbs it was 
necessary in order to obviate any possible reflex muscular contraction’. 
A canula was inserted in the central end of the right carotid artery for 
the purpose of recording the changes in the general blood-pressure ; 
both vagi were divided, and the left depressor nerve divided and the 
central end arranged for excitation. 

As is well-known the result of exciting the central end of the 
depressor nerve is a very marked fall of blood-pressure, which is usually 
stated to be due entirely to reflex dilatation of the visceral vessels ; now 
if this were so it is plain that the effect on the limb would be to cause 
a diminution of its volume, owing to the lowered blood-pressure being 
less able to distend its vessels, or, looked at in another way, owing to 
blood being drained from the body generally to fill the dilated visceral 
vessels, but on the contrary we find that there is an obvious increase in 
the volume of the limb (Plate XIX., Fig. 1) which can only be accounted 
for by an active dilatation of the blood vessels supplying it, and this 
relaxation of the vascular wall must be really greater than appears, 
because the lowered blood-pressure is unable to distend it to the extent 
that a blood-pressure of the original height would have done. It 
sometimes happens that the heart-beats are shown on the plethysmo- 


1 Sopra un nuovo metodo per scrivere i movimenti dei vasi sanguigni nell’ uomo. Torino, 
1875, p. 6. 

2 Curare in the rabbit produces only a very slight fall of blood-pressure, contrary to 
what is found to be its action in the dog. 
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graphic record, and in these cases it can be seen that their extent 
increases during the increase of volume of the limb, and this is in itself 
another evidence of relaxation of the vascular tonus, since the heart- 
beat can more easily distend a lax vessel than one in a greater degree 
of contraction. As regards the latent period of this dilatation I can give 
no exact details, it varies greatly; sometimes as in Fig. 1 it is about the 
same as that of the fall of general blood-pressure, i.e. 4 secs. in this case, 
at other times it is considerably longer, 10-12 secs., and when this is so 
the fall of blood-pressure beginning earlier causes a passive diminution 
in volume of the limb preceding the active increase in volume (Plate 
XIX., Fig. 5); it may even happen when the period of excitation is short 
that the dilatation of the limb does not occur until after the excitation 
of the depressor has ceased. It is possible that this inconstancy in the 
length of the latent period is due to differences in the dose of morphia 
or curare given, but I have not obtained any distinct evidence of this 
being so. 

An interesting question that arises is whether this vascular dilata- 
tion occurs in the skin or muscles, or in both, and to the cutaneous 
vessels special importance attaches in view of the assertion of Dastre 
and Morat! of the universal opposition between the visceral and 
cutaneous circulations, that in asphyxia and during excitation of 
sensory nerves the visceral vessels contract while the cutaneous dilate, 
and that the opposite occurs during excitation of the depressor nerve. 
Now by placing the foot alone in the plethysmograph I can obtain almost 
as large an effect as from the whole leg as far as the middle of the 
thigh (Plate XIX., Fig. 5), and since the foot contains very little muscular 
tissue I feel justified in drawing the conclusion that the vessels of the 
skin take a large part in the production of the expansion of the limb as 
a whole. But the muscular vessels are also concerned, as shown by the 
following experiment: the foot is first amputated at the ankle-joint, 
and then the skin removed from the remaining portion of the limb as 
far as the upper part of the thigh, any slight bleeding from cutaneous 
vessels soon ceases; after the injection of curare the limb deprived of 
its cutaneous covering is placed in the plethysmograph in the usual way 
except that the water is replaced by warm normal saline solution; when 
the central end of the depressor is excited there is a marked expansion 
of the limb, as seen in Fig. 4, Plate XIX. It may happen that this 
expansion is preceded by a passive contraction due to the fall of blood- 
pressure, just as occurs sometimes in the whole limb, probably to be 


1 Systéme Nerveux Vaso-moteur, Paris, 1884, p. 330. 
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accounted for by the latent period of the dilatation of the limb vessels 
being longer in these cases than that of the visceral vessels. I have 
attempted to detect vascular dilatation in the muscles by a modification 
of Hiirthle’s method of investigating changes of peripheral resistance’. 
This method depends on the fact that in a tube along which a current 
of fluid is flowing any alteration of the driving force produces a 
variation in the lateral pressure at all points by the same fraction of 
their original height, whereas an alteration of resistance beyond where 
the lateral pressure is being measured causes the pressures at points 
nearer the periphery to vary by larger fractions of their original heights 
than those at points further up the stream; so that if we cause an 
equal fall at a point near the source of flow in two different ways, viz. 
first by lessening the driving force, and secondly by lessening the 
peripheral resistance, we shall find that the fall of pressure at a point 
near the periphery is much greater in the second case than in the first ; 
and taken absolutely in the first case the pressure in the peripheral 
manometer will fall less than in the central one, and in the second case 
it will fall more. I have applied this principle by inserting canulæ into 
the central end of the left common iliac artery, thus taking the lateral 
pressure in the aorta at its bifurcation, and into the central end of the 
right superficial femoral, just below the origin of the deep femoral, thus 
taking the latent pressure in the deep femoral which gives off branches 
only to muscles ; I also tied the right internal iliac. In order to obtain 
a greater extent of movement than would have been the case with 
mercurial manometers I used a differential manometer with water 
similar to that of Cybulski’s photohematachometer’, and attempted 
to photograph the difference of level in the two limbs, but found that it 
was too great to be included in the field of view of the lens I used. 
The difference of pressure between the aorta at its bifurcation and the 
deep femoral amounted in fact to 3 or 4 inches of water; so that I was 
forced to use a mercurial manometer and photograph only the changes 
in the mercury level of one limb, since owing to the opacity of mercury 
the other limb is hidden. A magnified image of this was projected by a 
5-inch focus portrait lens on to a vertical slit standing in front of a 
rotating cylinder covered by a sensitive celluloid film (Edward’s Iso- 
chromatic are the best for artificial light); a lateral tube from the limb 
connected with the aorta leads to a Fick’s spring manometer to record 
the changes in general blood-pressure. The differential manometer is 


1 Phliiger’s Archiv, Bd. XIxv. pp. 563—574. 
2 Tbid,, Bd. XXXVII. p. 382. 
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simply an ordinary mercurial manometer, one end of which is connected 
with the aortic canula, the other end with the femoral canula, and the 
level of the mercury in the limb connected with the femoral canula 
photographed, the difference of level indicates the difference of pressure ; 
a fall of general blood-pressure due to dilatation elsewhere than in the 
thigh muscles is indicated by a rise of level in the manometer limb 
observed (and a fall in the other limb), because the diminution of 
driving pressure causes the difference of pressure between the two 
points investigated to diminish, whereas a diminution of resistance in 
the vessels of the thigh muscles causes a fall of level in the manometer 
limb in question, because it increases the difference of pressure between 
the two points. That the instrument does behave as theory shows 
I have found by testing it with an artificial schema. In the actual case 
of the thigh muscles I have not been able to obtain any result proving 
vascular dilatation, perhaps because the area supplied by the deep 
femoral is not large enough, or because the fall of general blood-pressure 
produced by depressor excitation was sufficient to counterbalance any 
slight peripheral dilatation, but I think the instrument worth description 
because of the sharp way it distinguishes between central and peripheral 
alterations of pressure, and it is my intention to apply it to the study of 
the circulation in other parts of the body. 

With reference to the law of Dastre and Morat referred to above I 
may mention here that I have obtained marked constriction of the limb 
vessels concurrently with a rise of general blood-pressure, both in 
asphyxia and on exciting the central end of the anterior crural nerve of 
the opposite side ; this law therefore is certainly not true for the rabbit, 
and indeed the method they used to prove it is by no means free from 
objection, this was that the blood current from a cut cutaneous vein 
of the anterior or posterior limb increased in amount during the 
asphyxial rise of blood-pressure’; now it is quite possible that vascular 
constriction was present in the limb, but that the great rise of general 
blood-pressure caused a larger quantity of blood to flow through the 
narrower vessels than the original lower pressure did through the 
wider vessels. 

2. The Fore-limb. 


The method of investigation was the same as in the case of the 
hind-limb, except that it was more difficult to avoid leakage from the 
plethysmograph owing to the looseness of the skin in the axilla. A 


1 Loe, cit, p. 298. 
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similar result was obtained, viz. expansion of the limb after a longer or 
shorter latent period (Plate XIX., Fig. 2). In order to increase the 
effect by abolishing the counteracting dilatation of the abdominal 
vessels the aorta was tied in one experiment at the level of the 
diaphragm ; Fig. 3, Plate XIX., gives the result. In this case owing to 
the minuteness of the depressor nerve I prepared the sympathetic nerve 
along with it, to avoid injury of the depressor by drying or stretching, 
as Stelling frequently did’, and excited the two nerves together after 
section between the electrodes and the heart. The effect of exciting the 
cranial end of the sympathetic alone is to produce a small rise of 
general blood-pressure, owing to vascular constriction in the head and 
neck, so that it would act favourably on the local effect of depressor 
excitation. In the tracing (Fig. 3) a slight rise of pressure is seen during 
excitation and a greater rise on cessation of excitation; I am unable to 
account for the latter rise, of course the absence of fall is due to the 
fact of the abdominal viscera being cut out of the circulation; the 
dilatation of the fore-limb vessels is well seen. 


3. Head and Neck. 


The experiments of Ludwig and Cyon, and of Stelling have been 
already referred to, I can confirm their results and will content myself 
with describing two experiments. 

In the first I inserted my blood-pressure canula in the femoral 
artery, so as not to interfere with the circulation in the head, and care 
was taken not to injure the cervical sympathetics in preparing the 
depressor nerve. After exciting the depressor to ensure its being active 
I divided the spinal cord at the level of the fifth rib; there was a 
considerable fall of blood-pressure, but excitation of the depressor still 
caused a further fall, although not nearly so large as before section 
of the cord; no doubt some fibres from the splanchnic nerves leave the 
cord above the fifth dorsal nerve but that the effect here present was 
not entirely due to the fact of these fibres being left intact is shown by 
the result of cutting the two cervical sympathetics, which very nearly 
abolished the depressor effect by removing from the control of the 
centre the area innervated by them (Plate XIX., Figs. 6 and 7). The 
amounts of fall of blood-pressure in the three stages are the following: 

Before section of core 20 mm. Hg. 
After section of cord . 14 mm. Hg. 
¥: » corsionl 4 mm. Hg. 

1 Loe, eit. p. 18. 
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In another experiment I clamped the aorta at the diaphragm in 
place of dividing the cord, and in this case the depressor effect was also 
present but abolished by dividing the cervical sympathetics; it is 
interesting to note that section of the sympathetics produced a perma- 
nent fall of blood-pressure, no doubt due to removal of tonic constrictor 
impulses and consequent vascular dilatation in the region of the head 
and neck. 


4. The External Ear. 


Owing to its vascularity and large size the ear is generally supposed 
to play a large part in the heat regulation of the rabbit, but up to the 
present I have been unable to obtain distinct evidence of reflex vascular 
dilatation on excitation of the depressor nerve, though it must be that 


itt bas a large share in the general dilatation of the vessels of the head 
and neck so produced; no increased redness can be seen by the eye, and 


I have been unable by the use of the plethysmograph to obtain any 
evidence of increase in volume, although Piotrowski’ has by this 
means obtained tracings of reflex dilatation from excitation of the 
central end of the great auricular nerve. The only positive result I 
have obtained was by placing a thermo-electric junction on the inner 
surface of the ear; dissecting out as quickly as possible the depressor 
nerve of the opposite side, and immediately exciting it, there was a 
deflection of the galvanometer in the sense indicating rise of tempera- 
ture in the ear. I think this positive result was due to the rapidity of 
the procedure: the ear very quickly becomes cold and bloodless when 
the rabbit is bound down, and I intend to repeat the plethysmographic 
experiments in the same rapid way and with a more delicate recording 
tambour. 


5. The Brain. 


Hürthle“ has made a few observations on the effect of depressor 
excitation on the cerebral circulation by bis method, taking simultaneous 
tracings of pressure in peripheral and central ends of one of the carotid 
arteries: the curious result was obtained that while excitation of the 
central end of the depressor nerve on the side on which the pressure 
in the Circle of Willis was measured gave evidence of dilatation of 
cerebral vessels, the nerve of the opposite side was without any definite 
effect; Hürthle does not explain this. I hope by the aid of the 


1 Centralblatt f. Physiologie, Bd. vi. p. 465. 
® Loe. cit. p. 590. 
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| delicate differential manometer described above to obtain more evidence 
on this point; some experiments made by the use of two mercurial 
manometers in Hiirthle’s manner gave me no distinct results. 


— — 


= — 


6. The Tongue. 


I have made one experiment by placing the tongue in a plethysmo- 
graph in the manner of v. Anrep and Cybulski’. In this case the 
depressor nerve was very small and the fall of blood-pressure produced 
by excitation of it not great, and there was no expansion of the tongue; 
a. on the contrary, excitation of the central end of the vagus nerve caused 

| a considerable fall of blood-pressure and a slight expansion of the tongue, 
ö but not marked; this was one of those cases in which it appears that 
| most of the depressor fibres run in the trunk of the vagus. 


7. The Intestine. 


Although the fact that section of the splanchnic nerves very greatly 
diminishes the effect of excitation of the depressor in lowering the blood- 
pressure shows us that there is considerable vascular dilatation in the 
3 abdominal viscera, as pointed out by Ludwig and Cyon, I thought it 
worth while to obtain if possible direct evidence of intestinal vascular 
N dilatation, but found that it was not so easy as might appear at first 
6 sight. My first attempt was to use Roy's spleen oncometer, placing a 
6 loop of small intestine along the instrument and then closing it so that 
the intestine was clamped by the ends of the instrument, while the 
mesentery passed through the slit at the sides; I found however 
that it was impossible to avoid stretching the mesentery, owing to its 
3 shortness, and therefore so injuring the nerves that on excitation of the 
1 depressor nerve I obtained only passive diminution in volume of the 

length of intestine under observation. The next method I tried was by 
allowing a loop of intestine gently pulled through an incision in the 
| linea alba to rest upon a glass microscope slide held firmly in position 
by a clamp, and then bringing down on to the upper surface of the 
intestine a thistle-headed funnel, having a piece of peritoneal membrane 
tied loosely over its orifice and held upside down in a rack and pinion 
stand, so that it could be brought gently down in order that the mem- 
brane might apply itself to the surface of the intestine, the interior of 
the funnel was filled with warm oil and the stem connected by india- 


— — 


f 1 St Petersburger Med. Wochenschrift, 1884. No. 20. Ref. in Hofmann und Schwalbe’s 
Jahresbericht, Xin. p. 49, 
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rubber tubing to a delicate tambour: in this way I obtained the tracing 
of Plate XIX., fig. 9; unfortunately the clockwork of my kymograph 
gave way in the middle of the excitation so that only the beginning of 
the dilatation is shown, but it is of considerable extent. The difficulty 
of this method was the great extent of the respiratory curves on the 
intestinal tracing, owing to the impossibility of holding the glass slide 
sufficiently firmly not to be affected by the rise and fall of the ab- 
dominal wall; to avoid this I took one or two tracings immediately 
after stopping the artificial respiration (Plate XX., fig. 10); the dilatation 
is obvious but not so marked, owing to the intestine having been exposed 
longer to the air; the loop of intestine under observation was tied on both 
sides of the part on which the funnel rested so as to avoid disturbance 
by peristaltic movements of the contents. I noticed in these experi- 
ments that peristalsis seemed most marked in the upper part of the 
small intestine, and to increase regularly from the ileum up to the 
duodenum, I escaped the interference of the respiratory movements by 
adopting another method, which though less delicate gave distinct evi- 
dence of vascular dilatation. I took a loop of small intestine tied at two 
points 2 or 3 inches apart and then inserted a glass tube bent at a right 
angle, the intestine is returned to the abdominal cavity with the vertical 
limb of the tube projecting through the wound in the linea alba, the loop 
of intestine is then filled with warm oil through the tube, and the tube 
itself connected with the recording tambour is used, in this way the 
changes in volume of the internal cavity of the intestine are recorded 
(Plate XX., fig. 11); the peristaltic contractions are wonderfully regular, 
as shown on the tracing; excitation of the depressor causes a rise in the 
general level of the curves, and at the same time an increase in the 
amplitude of the peristaltic contractions, as would be expected from the 
increased supply of blood due to vascular dilatation. 

I did not think it worth while to pursue these experiments further, 
having obtained evidence of vascular dilatation. 


8. The Kidney. 


The kidney it might be supposed would offer the most convenient 
organ for observations on the conditions of the visceral circulation, since 
we have so excellent a method of investigating its changes of volume 
in Roy’s oncometer, and as regards its behaviour under depressor exci- 
tation Ludwig and Cyon' state that they have seen it become redder 


Loc. cit. p. 46. 
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in colour, but that this behaviour was not invariable, since the tonus of 
the kidney vessels varies very much; and if the kidney when exposed 
was of a deep red colour no further reddening was observed, this occurred 
indeed only when the kidney was of a pale colour previous to the 
depressor excitation. Bradford! has obtained tracings with Roy's 
oncometer and found invariably and in opposition to Ludwig and Cyon 
that the renal volume diminishes along with the blood-pressure fall, so 
that if there is any dilatation of the renal vessels it is not great enough 
to overpower the draining away of blood by the dilatation in other areas 
occurring simultaneously. My experiments completely confirm Bradford 
in this, but I find that after cessation of the depressor excitation and 
before the blood-pressyre has returned to its original height that the 
kidney volume has increased to more than its original amount (Plate XX., 
figs. 12 and 13); I can only account for this on the assumption that 
there is actually vascular dilatation in the kidney which lasts longer 
than that of the intestines, so that as the general blood-pressure begins 
to rise it is able to expand the relaxed renal arterioles; another circum- 
stance which indicates relaxation of kidney vessels is that the respiratory 
and pulse curves are more marked at the lower part of the curve than 
before the depressor was excited; this means that a given variation 
in blood-pressure produces more effect in distending the vessels during 
depressor excitation than before it. There is also another fact which 
shows the presence of renal vascular dilatation, if we compare the tracings 
of figs. 13 and 14, fig. 13 being an excitation of the central end of 
the depressor and fig. 14 two excitations of the peripheral end of the 
vagus in the same animal, we see that although the blood-pressure is 
greater in the case of the depressor excitation yet the diminution of 
renal volume is less than in the case of the purely passive constriction 
due to fall of blood-pressure from cardiac inhibition, thus: 


Kidney diminution. Blood-pressure fall. 
Central end of depressor 4mm. 20 mm. 
Peripheral end of vagus 5 mm. 6 mm., 


so that it is evident that in the case of the depressor the blood-pressure 
fall did not produce the full effect it would have done if the kidney had 
remained purely passive, and therefore there was in fact relaxation of the 
vessels, but insufficient to cause an actual expansion of the organ owing 
to the low blood-pressure produced by vascular dilatation elsewhere. 

In one case, that of a rabbit on the second day after parturition, I 


1 This Journal, Vol. x. p. 898, 
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obtained actual renal dilatation on depressor excitation during asphyxia 
(Plate XX., fig. 15); the rise of blood-pressure produced by stopping the 
artificial circulation maintained itself at a constant height for a remark- 
ably long time; two excitations of the depressor produced a fall from 
this height and at the same time an increase in the volume of the 
kidney, whether this had anything to do with the condition of the 
animal I cannot say, but repetitions of the experiment on other animals 
always gave the usual result, i.e. diminution of renal volume, followed by 
increase after the excitation ceased. 

It is perhaps of interest that in one experiment excitation of the 
central end of the vagus caused along with a large fall of blood-pressure 
a slight expansion of the kidney. 

In the kidney curve of fig. 12 we see Traube curves, while they are 
not present in the blood-pressure curve; these Traube curves of ap- 
parently peripheral origin have been noticed by Bradford, but are as 
yet unexplained. | 


PART II. 
ON THE CENTRAL ACTION OF THE DEPRESSOR NERVE. 


I pass on now to describe some experiments bearing on the nature 
of the process in the vaso-motor centre during excitation of the central 
end of the depressor nerve; they cannot be said to afford a complete 
explanation but I think shed some light on the subject. 


1. General facts of Depressor Excitation. 


Ludwig and Cyon found that when the vagi are intact depressor 
excitation caused in addition to the reflex vascular dilatation a slowing 
of the heart-beat. This fact is so perfectly well-established that I have 
not given any attention to it and always divided the vagi in my 
experiments in order to exclude the cardiac inhibition; under these 
circumstances it is frequently seen that there is instead a cardiac 
acceleration sometimes very marked, as in Fig. 16, Plate XX; in this 
case the heart was beating slowly owing to the large dose of morphia 
given, which acts directly on the heart as well as through the vagus 
nerves. 

Form of curve. The fall of pressure is at first rapid, then slower, 
remaining horizontal during the excitation, then on cessation of the 
excitation returning to its original height, at first rapidly, then more 
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slowly (Plate XXI., Fig. 17) As a rule the return to normal begins 
very quickly after the excitation ceases, but sometimes the blood- 
pressure remains at its depressed level for a time, even as long as two 
minutes after excitation has ceased. 

Prolonged excitation. The depressor seems incapable of fatigue. I 
have excited it for 17 minutes, the blood-pressure remaining at the 
same level during the whole of the excitation and returning to its 
original height when the excitation ceased (Plate XXI., Fig. 17). This 
fact points rather to the action of the depressor being of the nature of a 
stopping or blocking of tonic constrictor impulses from the centre 
rather than to an excitation of dilator nerves, which are as a rule easily 
fatigued. 

2. Simultaneous Excitation of both Depressor Nerves. 


It is almost invariably the case that one of the two depressor nerves 
is more active than the other, and as a rule the left produces a greater 
fall of blood-pressure than the right, so that in such circumstances it is 
to be expected that excitation of the left (the more effective one) 
during excitation of the right would cause an additional fall of pressure ; 
this is in fact what happens, and sometimes after excitation of the left 
nerve ceases the blood-pressure remains at the lower level as long as 
excitation of the right continues; but also it may occur that excitation 
of the right (the less active one) increases the action of the left as 
in Fig. 18, Plate XXI., and here also the increased fall is maintained 
after the excitation of the right nerve ceases. 

This result is contrary to what is usually believed to happen when 
pressor effects are obtained from excitation of central ends of ordinary 
sensory nerves, where the rise of pressure produced by excitation of one 
nerve is not followed by an increased rise when another nerve is excited 
concurrently. This difference of action seems to show that the action 
on the centre is of a different nature in the two cases, and that at 
all events the depressor action is partly an inhibition of constrictor 
impulses. 


3. Natural Eacitation of the Depressor Nerve. 


I have made some attempt to obtain evidence of excitation of the 
depressor terminations in the heart but without very definite result. 
Ludwig and Cyon observed no elevation of blood-pressure to follow 
simple division of the depressor nerves, and concluded that there was no 
tonic action on the centre passing along these nerves, and my experi- 
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ments confirm this result; Sewall and Steiner’ on the contrary have 
obtained a permanent rise in pressure following section to the extent of 
1 to 3 cm. Hg.; they have also found on repeating the experiment 
of Nawalichin“ that the rise of blood-pressure found by him to follow 
clamping of both carotid arteries was very much increased by section of 
both depressor nerves, and they explain this result by the fact that the 
asphyxial rise of pressure produced by the partial cutting off of cerebral 
blood supply is normally partially antagonized by depressor impulses 
from the heart when it feels the strain of increased arterial pressure ; 
to test this explanation I have observed the height to which the blood- 
pressure rises in asphyxia before and after section of both depressor 
nerves and have not found that it rose any higher after section than 
before; and on repeating their experiment have not found any rise 
of pressure in the rabbit to follow clamping both carotids, and indeed it 
seems to me that as the vaso-motor centre receives its blood supply 
chiefly from the vertebral arteries no great deficiency of blood is caused 
in it by preventing the supply from the internal carotids, which are 
comparatively small in the rabbit’. 

It is well known that large quantities of normal saline fluid can be 
run into the circulation without causing any permanent rise of blood- 
pressure, and it occurred to me that this result might be to some extent 
due to the integrity of the depressor nerves, which would cause 
reflex vascular dilatation when excited by the distended heart cavities ; 
in one experiment in which the depressors were cut before the injection 
of saline fluid I found no rise of pressure to result from the gradual 
injection of as much as 400 Cc. of warm normal saline solution into the 
central end of the external jugular vein ; in another experiment I ran in 
only 50c.c, and then cut the depressors, section of the first caused a rise 
of about 1 cm. Hg., and section of the second a further permanent rise 
of 2cm, Hg.; in a third experiment similar to the last section of the 
second depressor caused a great rise of pressure viz. 6 cm. Hg. This 
was very sudden and soon began to fall irregulirly but maintained 
itself permanently at a height of 4 cm. Hg. above its original level, 
the heart-beats being unaffected, this last experiment was on a pregnant 
rabbit which may possibly have had some influence on the result, but I 
do not wish to lay stress on these cases, as I have more experiments in 
progress in which the nerve is cooled as in Gad’s experiments on the 


1 This Journal, Vol. vt. p. 162. 
2 Centrald. f. d. med. Wiss., 1870, S. 483. 
* Krause. Anat, des Kaninchens, S. 252. 
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vagus, and it is quite possible that these two last experiments described 
above may have been cases in which section of the depressors alone 
would have produced the rise of blood-pressure, as in Sewall and 
Steiner’s observations. 

An interesting fact bearing on the state of the circulation after 
injection of large quantities of fluid is that under these conditions 
asphyxia causes no rise of blood-pressure, but an immediate and rapid 
fall, which can however if not allowed to last too long be restored to its 
original height by reestablishing artificial respiration. 


4. Depressor reflexes from other nerves. 


The depressor nerves vary very much in size in different individuals 
and when small it is found that the most powerful fall of blood-pressure 
is produced from the central end of the vagus, in fact according to my 
experience it is very rare in the rabbit to obtain a rise of blood-pressure 
from excitation of the central end of the vagus, so that it appears that 
in all cases a greater or less number of depressor fibres run in the 
vagus trunk. But the course of the curve of blood-pressure fall in 
the two cases is very different, we have seen above that in the case of 
the depressor nerve itself the fall is maintained at a constant level 
during the whole time of excitation however long it lasts, whereas in the 
case of the vagus the pressure very soon returns to its original height 
while the excitation is still continued, in this respect behaving like the 
rise of pressure obtained from ordinary sensory nerves. The same 
applies to the depressor effect frequently obtained from ordinary sensory 
nerves in the rabbit especially under chloroform or chloral. There is 
therefore a considerable difference between the central connections of 
the depressor nerve itself and the depressor fibres of other nerves. A 
point of interest in this connection is that the fall of pressure produced 
by stimulation of the central end of an anterior crural nerve is not 
associated with vascular dilatation in the leg of the opposite side, 
whereas that produced by stimulation of the central end of the vagus 
is associated with expansion of the leg, the action of the vagus was 
shown neatly in one experiment where under morphia alone excitation 
of the central end of the vagus produced a rise of pressure and a 
constriction of the limb vessels as is usual with rise of pressure from 
ordinary sensory nerves, while when chloroform was given temporarily a 
fall of blood-pressure followed excitation of the nerve along with a 
dilatation of the limb vessels, the original condition reappearing as the 
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effect of chloroform passed off. The effect of chloroform on the result 
of exciting an anterior crural nerve is seen in Fig. 19, Plate XXI., the 
low blood-pressure at the beginning is due to the chloroform given, and 
the Ist excitation at Q produces a fall of pressure, as the chloroform 
effect passes off and the blood-pressure rises the depressor effect of the 
anterior crural becomes less and the pressor effect becomes greater. 
We shall see below reasons for regarding the effect of depressor 
excitation on the limbs is due at all events in part to a reflex exci- 
tation of vaso-dilator nerves, and the simplest explanation of the 
above results is the hypothesis that the vaso-motor centre consists of 
a constrictor and a dilator part, the depressor nerve acting in an 
inhibitory manner on the former and in an exciting manner on the 
latter, while pressor nerves act in an opposite way on both, but contain 
along with their pressor fibres a variable admixture of depressor 
fibres acting however only by inbibiting the constrictor centre. The 
effect of chloroform can be explained on this hypothesis as paralysing the 
constrictor centre more readily than the dilator centre; I only put this 
forward tentatively but it derives some support from the fact that 
chloroform is known to produce general vascular dilatation. It is 
scarcely necessary to refer to the conclusions of Cyon' that pressor 
reflexes owe their origin to the cerebral hemispheres and that when these 
hemispheres are absent either by removal or only functionally by 
injection of chloral only depressor reflexes can be obtained from sensory 
nerves, since it is well-known now that a rise of blood-pressure can be 
obtained from a sensory nerve even when the medulla is separated from 
the rest of the brain by a transverse section above the vaso-motor 
centre. 

‘I cannot confirm the statement of Cybulski and Wartanow’ that, 
both by excitation of the vagus and also of the depressor one can obtain 
sometimes rise and sometimes fall of blood-pressure and that there is a 
compensating relation between these two nerves, when one depresses 
the other raises the blood-pressure ; I find that the depressor invariably 
causes a fall of pressure and in this I am in complete agreement with 
Ludwig and Con. 

Edge worth“ has described the presence of fine nerve fibres in the 
trunk of the vagus below the diaphragm and it seemed worth while to 
test if these were depressor in their action, accordingly I excited the 


1 Ges, Abhandlungen, 8. 96. 
2 Ref. in Hofmann u. Schwalbe’s Jahresbericht, Bd. XII. S. 58. 
* This Journal, Vol. XI. p. 261. 
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central end of the left vagus on the surface of the stomach, but obtained 
a slight rise of pressure, whereas excitation of the same nerve in the 
neck after dividing below the point excited gave a considerable fall of 
pressure, it appears therefore that the fibres in question are not 
depressor in function and probably all the depressor fibres in the vagus 
come from the heart. 


5. Effect of Depressor excitation on Traube curves. 


When Traube curves are present the effect of exciting the depressor 
nerve is to abolish or diminish their amplitude according to the strength 
of the current employed. It frequently happens that when the 
connection between the canula and the artery is first established by 
removing the clip a series of well-marked Traube curves makes its 
appearance probably due to entry of sodium sulphate solution used to 
prevent clotting into the circulation, these curves are convenient for 
observing the action of the depressor (Plate XXI., Fig. 20); in the figure 
they are diminished in amplitude from 15 mm. to 11 mm. and resume 
their original height when excitation ceases. This fact serves as 
support for the theory of the inhibitory nature of the depressor 
impulses, since the activity of the dentre is thereby depressed. 

It usually happens also that the extent of the respiratory undula- 
tions is diminished at the beginning of a depressor excitation, I am 
unable to suggest an explanation for this fact since it makes its 
appearance under artificial as well as natural respiration. 


6. Antagonism of action on the Vaso-motor centre. 


The results of exciting simultaneously the depressor nerve and a pres- 
sor nerve such as the central end of the anterior crural depend entirely 
on the relative strengths of the stimuli, whichever nerve is under the 
stronger excitation shows its own effect on the blood-pressure and when 
the excitation of this one is stopped the effect of the other manifests 
itself; for example in Fig. 23, Plate XXI. the excitation of the depressor 
was the stronger and accordingly a fall of blood-pressure is observed but 
this fall is not so great as it would have been if the anterior crural 
had not been at the same time excited; in Figs. 21 and 22 by a 
fortunate choice of strengths of excitation the opposite effects were 
made to balance and so for a time the blood-pressure became normal 
again; in fact there appears to be a perfect antagonism between the 
pressor and depressor actions on the centre. I do not feel prepared to 
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state how this effect is produced, whether the two nerves act in opposite 
ways on the same central mechanism or whether on different parts of 
the centre and only balance one another in their total effect on the 
blood-pressure it is impossible to say. 

It is known that the vaso-motor centre can be excited in another 
way viz. by asphyxial blood and it is interesting to observe how the 
centre behaves towards depressor excitation during asphyxia; if we 
excite the depressor at intervals during the rise of blood-pressure 
produced by stopping the artificial respiration in a curarized animal we 
find that as the pressure rises higher and higher the fall of pressure 
produced by depressor excitation becomes less and less and finally at 
the extreme height of the asphyxial rise no fall can be obtained by the 
strongest excitation of the depressor ; that is as the chemical stimulation 
of the venous blood becomes more and more powerful it is more and 
more able to antagonize the depressor effect. Another way of showing 
this is by taking a tracing of the asphyxial rise of pressure during a 
prolonged excitation of the depressor (Plate XXI., Fig. 24) here the 
depressor curve is interrupted by the rise due to asphyxia and as the 
asphyxial blood becomes again oxygenated by re-establishing the 
artificial respiration at C, the depressor effect gradually reasserts 
itself; it is interesting to note that the blood-pressure rises with 
asphyxia during depressor excitation to almost the same absolute height 
as it would have done if it had started from the higher base line of the 
normal blood-pressure, in the example given owing to the natural 
blood-pressure being very high for a rabbit (150 mm. Hg) asphyxia did 
not very much increase it, viz. only to the extent of about 10 mm. Hg. 
The rise of pressure seen in the tracing following the re-establishment 
of artificial respiration is the well-known one due no doubt to the rapid 
recovery of the left ventricle of the heart while the visceral vessels still 
remain constricted, and I have observed in the hind-limb that the 
diminution in volume continues for a short time after artificial respi- 
ration has re-commenced. This asphyxial excitation of the centre 
sometimes lasts for a considerable period after the re-establishment of 
artificial respiration, in a similar experiment to the one above described 
it was four minutes before the depressor effect began to show itself 
again ; this result is analogous to the effect of temporary asphyxia in 
permanently raising the tonus of the vaso-motor centre. 

I have also made a few experiments on the effect of strychnine on 
the centre, this drug is stated to raise the blood-pressure by exciting the 
vaso-motor centre and it is true that the injection of 1°5 c.. of Liq. 
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strychnie into the external jugular vein causes a considerable and 
rapid rise of pressure which is however only temporary but is associated 
with diminution of volume of the limbs; however I found that all the 
vascular reflexes both pressor and depressor were abolished and even 
asphyxia caused only a fall of blood-pressure, so that it was of no value 
for my present purpose. 


7. Is the Depressor effect due to Inhibition of constrictors or 
to Excitation of dilators or-to both? 


In the light of Gaskell’s researches on the anabolic nature of 
inhibition it occurred to me that prolonged excitation of the depressor 
nerve might improve the nutritive state of the vaso-motor centre and so 
make it more excitable, I therefore compared the maximum rise of 
pressure in asphyxia before and after excitation of the left depressor 
nerve for 16 minutes, but found that the rise was no greater afterwards 
than before, in fact it was just about the same; it did not seem to me 
of any value to compare the effects of exciting the central end of a 
sensory nerve because one can never depend on two excitations even of 
the same strength producing the same effect on the blood-pressure. 
This result then so far as it goes is against the inhibitory nature of the 
depressor effect on the centre. 

On the other hand the fact that the depressor effect is not lessened 
by prolonged excitation at all events to the extent of 17 minutes’ 
duration speaks rather for its inhibitory nature, for although the vagus 
effect on the heart is comparatively easily fatigued it is most probable 
that inhibition in nerve centres is of a different nature and rather of the 
character of “blocking” or putting resistance in the path of nerve 
impulses, and it is conceivable that such action may be kept up with 
the expenditure of very little energy. We know also that vaso-dilators 
are under ordinary conditions that is especially when their peripheral 
ends are excited somewhat easily fatigued, the case may be different 
however when they are excited reflexly, and the continuous vascular 
dilatation of the parotid gland of the horse in Chauveau and Kauf- 
mann’s experiments during a prolonged period of chewing shows that 
they are not invariably quickly fatigued. 

If we compare the effect of the depressor in producing vascular 
dilatation in the limbs with its effect on the kidney, a more vascular 


1 This Journal, Vol. vnn. p. 49. 
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organ, and generally considered to be very abundantly supplied with 
vascular nerves, it is difficult to avoid the conclusion that there is an 
actual excitation of dilators in the case of the limbs which is absent or 
small in the case of the kidney; the main mass of the limbs consists of 
muscle to which as Gaskell has shown vaso-dilator nerves proceed and 
the effect of section of the cord in the lumbar region gives much support 
to the view that the effect on the limbs is almost if not entirely 
vaso-dilator. Bradford and I have shown in experiments not yet 
published that the vaso-constrictors to the hind-limb in the Dog leave 
the cord by anterior roots from the 11th dorsal to the 2nd lumbar, and 
in some experiments made on the Cat we found that excitation of 
anterior roots from the 3rd to the 7th lumbar produced along with 
contraction of the muscles supplied by them a fall of blood-pressure 
which was more marked after the excitation ceased and the muscles 
were again relaxed, this fall was greater the larger the mass of muscle 
thrown into tetanus and therefore greatest with the fifth lumbar nerve 
which excited the gluteus maximus, it seems to me that these results 
indicate the presence of vaso-dilators for the muscles in the lumbar 
nerves; it is perhaps hardly fair to extend these facts to the rabbit but 
it is very significant that section of the cord at the level of the 2nd 
lumbar nerve in this animal in every case abolished the effect of the 
depressor in producing increase of volume in the hind-limb; as I am 
inclined to interpret this result it means that although the vaso- 
constrictors were intact and might have been inhibited there was no 
vascular dilatation because the vaso-dilators were separated from the 
vaso-motor centre. On the other hand the following experiment shows 
that removal of tonic constrictor impulses is in itself sufficient to 
produce very considerable vascular dilatation in the limb; with the 
spinal cord intact excitation of the central end of the depressor produced 
the usual effect on the limb that is a rise of the registering lever of a 
few millimeters, the cord was now cut at the level of the 10th rib thus 
separating the greater number of its vaso-constrictors from the tonic 
excitation of the centre and at once the registering lever rose to the 
extent of 6 or 7 centimeters indicating a great expansion of the limb, 
however this experiment only proves the capability of inhibition of 
constrictors to account for the depressor effect and not that it actually 
takes place. 


At first sight it might appear that the effects on the abdominal 
viscera can only be explained on the inhibitory theory, since the 
splanchnic until recently was regarded as a purely constrictor nerve, but 
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Bradford has shown that it contains dilator fibres and as regards the 
kidney has shown by what anterior roots they leave the cord. 

On the whole the evidence points to the fact that in depressor 
excitation there is an actual reflex excitation of vaso-dilators, though 
the simultaneous inhibition of constrictor impulses is not disproved ; the 
whole of the phenomena can be explained by the dilator theory but not 
by the constrictor theory. 

Experiments on organs such as the tongue and salivary glands 
in which the dilators and the constrictors take their course in distinct 
nerve roots will help in deciding the question. 


PART III, 


SUMMARY OF RESULTS. 


1. Excitation of the central end of the depressor nerve is followed 
by vascular dilatation not only in the intestines and kidney, but also in 
the limbs and in the head and neck. 

2. The vascular dilatation in the limbs takes place both in muscle 
and skin, therefore Dastre and Morat's so-called law of balancing 
between the cutaneous and visceral circulations is not true. 

3. In the head and neck the parts investigated were tongue and 
ear and results indicating vaso-dilatation found . 

4. The fall of blood-pressure remains constant however long the 
depressor nerve is excited, that is the effect is incapable of fatigue. 

5. Excitation of both depressors as a rule produces more effect than 
that of one alone. 

6. There is evidence to show that the accommodation of the 
circulation to the injection of large quantities of fluid is partially 
dependent on the integrity of the depressor nerves. 

7. The depressor reflexes from other nerves are of a different 
nature from the true effect from the depressor nerve itself, being of a 
transitory character, not maintained during continued excitation, and 
not accompanied except in the case of the vagus, which contains true 
depressor fibres, by dilatation of the limb vessels. 

8. Depressor excitation if strong abolishes Traube curves. 

9. Simultaneous excitation of a sensory pressor nerve and of the 
depressor nerve may be made by appropriate relative strengths of 
excitation to completely antagonize each other and keep the blood- 


1 Loc. cit. p. 390. 
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pressure at its normal height, and either effect may be made to assert 
itself by increasing the strength of the excitation of the nerve 
producing it. 
10. Chemical excitation of the centre by asphyxial blood diminishes 
or abolishes the effect of depressor excitation in proportion to the 
degree of asphyxia. 

11. The vascular dilatation in the limbs and probably universally 
is produced by the excitation of vaso-dilator nerves. 

12. There is a small amount of evidence to show that inhibition of 
tonic vaso-constrictor impulses may also be present in some cases. 

13. The vaso-motor centre consists of both a vaso-constrictor and a 
vaso-dilator part differing in function if not anatomically distinct. 


DESORIPTION OF PLATES. 
All tracings to be read from left to right. 
Puate XIX. 


Fig. 1. Hind-limb. Upper curve carotid blood-pressure, lower curve 
volume of hind-limb. At A central end of left depressor nerve excited. 
Time marked in seconds. 

Fig. 2. Fore-limb. Similar tracing from fore-limb, time marked in 12 
second intervals. 

Fig. 3. Forelimb. Aorta tied at diaphragm. Upper curve volume of 
limb, lower curve carotid blood-presure. A. left depressor and sympathetic 
excited. 

Fig. 4. Hind-limb. Skin and foot removed. Upper curve carotid 
blood-pressure, lower curve volume of limb. A. depressor excited. Time 
in seconds, 

Fig. 5. Hind-paw. Upper curve blood-pressure. Lower curve volume 
of paw. At A two excitations of depressor. Time in seconds (marking badly). 

Fig. 6. Depressor effect after section of cord at 5th rib. 

Fig. 7. Same after section of both cervical sympathetics in addition. 

Fig. 8. Aorta clamped at diaphragm, at B depressor excited, causes fall 
of pressure, at A both cervical sympathetics cut, depressor excitation at C no 
longer effective. 

Fig. 9. Intestine by funnel method. Upper curve blood-pressure, lower 
curve volume of intestine, the respiratory curves are very large. A. depressor 
nerve excited. Time in seconds. 
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Pirate XX. 


Fig. 10. A similar tracing to Fig. 9; at C artificial respiration stopped, 
at A excitation of depressor. The curves on the intestinal (the upper tracing) 
after cessation of the respiratory curves are peristaltic contractions. 

Fig. 11. Intestine with tube inserted. Upper curve volume of intes- 
tinal cavity, with regular peristaltic contractions, lower curve blood-pressure 
(manometer float working with friction). At A excitation of depressor. 

Fig. 12. Oncometer tracing of Kidney. Upper curve Kidney volume, 
lower curve carotid blood-pressure. At A depressor excited. Time in 
seconds. 

Fig. 13. A similar tracing on more slowly moving paper. Time in 12 
seconds intervals. 

Fig. 14. Oncometer tracing from same Kidney as Fig. 13. At B two 
excitations of the peripheral end of the left vagus; although fall of blood- 
pressure less than in Fig. 13 (with depressor excitation) the passive diminu- 
tion of volume of Kidney is greater. 

Fig. 15. Renal expansion following depressor excitation in asphyxia. 
Upper curve Kidney volume, lower curve carotid blood-pressure. At C 
artificial respiration stopped, and at D re-established. At points marked A 
two excitations of depressor. Time in seconds. 

Fig. 16. Reflex cardiac acceleration by excitation of depressor nerve. 
Time in seconds, 


Pirate XXI. 


Fig. 17. Typical form of depressor curve; only the beginning and end 
of the curve are shown, the excitation having lasted 17 minutes. Time 
tracing 12 seconds intervals. 

Fig. 18. Simultaneous excitation of both depressor nerves. Left more 
active than right. Upper chronograph marks excitation of right, lower 
chronograph excitation of left nerve. Time in 12 seconds intervals. | 

Fig. 19. Effect of chloroform on result of exciting central end of anterior 


crural nerve. Excitations at Q, N, and S. Time in seconds. 


Fig. 20. Effect of depressor excitation on Traube curves. Time in 12 
seconds intervals. | 


Fig. 21. Antagonism of depressor and anterior crural nerves. At 6 
depressor excited, at H anterior crural excited, the latter brings pressure back 
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to normal as long as the excitation lasts, depressor effect appearing again 
afterwards. 

Fig. 22. A converse experiment to Fig. 21. At X anterior crural 
excited, at L depressor excited and pressure brought down to normal during 
depressor excitation, anterior crural effect returns afterwards, being unusually 
persistent. Time in 12 seconds intervals. 

Fig. 23. Antagonism of depressor and anterior crural ; the former being 
under stronger excitation than the latter. A marks anterior crural excitation, 
and D that of depressor. Anterior crural effect appears when depressor 
excitation ceases. 

Fig. 24. Asphyxial curve during depressor excitation. Depressor excited 
from A to D, respiration stopped from B to C. Time in 12 seconds intervals. 
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UROBILIN AND ALLIED PIGMENTS. By A. EICHH OLE, 
B. A., Emmanuel College. (Plate XXII). 


From the Physiological Laboratory, Cambridge. 


DuRING recent years so much debate and uncertainty has centred round 
urobilin and its relations to bilirubin and hematin that the whole 
subject seemed worthy of reinvestigation. Despite the fact that the 
older observers had maintained the possibility of artificially producing 
urobilin by reduction—Maly from bilirubin, Hoppe-Seyler from 
hwmatin—these statements have been challenged in later observations. 
MeMunn failed to obtain urobilin from either bilirubin or hematin 
by reduction, and Le Nobel likewise denies that hematin can be 
reduced to urobilin. In each case the observers disclaim the identity 
of their reduction products with urobilin as obtained from urine. With 
a view to throwing some light if possible on the existing confusion 
a series of experiments was undertaken of which the present contri- 
bution is the result. With this purpose in view the subject is treated of 
under the following heads :— 

1. The isolation of a chromogen of urobilin from the urine. 

2. The properties of urobilin—normal and pathological. 

3. The relation of normal urobilin to bilirubin. 

4. The relation of normal urobilin to hematin. 


Isolation of a Chromogen. 


Jaffé! in 1869 maintained the existence of a chromogen of urobilin 
in urine without however isolating it, confining any description of it to 


1 Virchow’s Archiv, Bd. x Vu. (1869), S. 405, 
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the statement that acid converts it into urobilin. MeMunn! likewise 
speaks of the conversion of a chromogen into urobilin by the addition 
of certain oxidising agents to urine. So far however urobilin has not 
been described as having been extracted from urine in the form of a 
chromogen. 

The usual method employed for urobilin extraction is to precipitate 
_ urine successively with normal and basic acetates of lead. The dried 
precipitates are subsequently extracted with acidulated alcohol to furnish 
an acid solution of urobilin. By another method that of Méhu*—the 
urine is acidulated and saturated with neutral ammonium sulphate in 
order to precipitate the pigment. The precipitate is dissolved in abso- 
lute alcohol and ammonia added “ if necessary.” 

Now if Jaffé’s contention be true that the chromogen is converted 
by acid into urobilin then an explanation is found of the failure of 
either of the above methods to isolate urobilin as chromogen, for the 
acid employed in either process will suffice to convert any chromogen 
into urobilin. So that to test Jaffé's statement it becomes a matter 
of interest to extract urobilin without the use of acid if possible and so 
to obtain the chromogen in an unchanged condition. 

For this purpose I have used fresh urine and pure neutral ammonium 
sulphate, omitting the previous addition of acid: if the sulphate is not 
neutral but acid in reaction it is impossible to prepare the pigment as a 
chromogen. 

The neutral salt is added to the urine until precipitation occurs, the 
colour of the precipitate varying from light buff to light brown. The 
precipitate is allowed to dry in air and is then extracted with pure 
absolute alcohol. The extract is usually neutral or may be faintly acid 
in reaction. Its colour is pale brown and may show a slight green 
fluorescence of a deep shade. Examined spectroscopically it usually 
gives a faint band in the position of the normal urobilin band » 487— 
X 501 (See Plate, sp. 1). Addition of a few drops of hydrochloric acid 
effects a marked change. Any fluorescence disappears at once, the light 
brown colour darkens and the faint band now developes into the deep 
characteristic band of urobilin (sp. 2). 

The solution now shows all the properties of urobilin to be presently 
described. In one case a neutral alcohol extract showed no band at all 
until the addition of acid, when an unusually deep urobilin band became 


Me Munn, Clinical Chemistry of Urine, 1889, p. 104. 
Journ. de pharm. et de chim, T. vn. (1878), p. 159. 
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evident. The inference from these experiments is plainly that precipi- 


tation with neutral ammonium sulphate without addition of any acid, 
brings down the chromogen from urine in an unaltered condition. The 
effect of acids on the alcoholic extracts confirms Jaffé’s opinion that 
the chromogen is converted into urobilin by their action. 

From the fact that in one case the pigment in the alcohol extract 
showed no absorption band until after the addition of an acid, and 
therefore existed totally as chromogen, it seemed permissible to suppose 
that by this mode of preparation the chromogen is not changed to 
urobilin, and that the slight bands usually shown by alcohol extracts 
must be due to urobilin which existed in the urine as such and not as 
chromogen at the time of its extraction. Urine then contains urobilin 
chiefly as chromogen - urochromogen — but some portion is usually 
present in the changed condition as actual urobilin. 

In the precipitation of the urine with the ammonium salt to obtain 
chromogen I have frequently noticed that a great deal of pigment re- 
mains in the filtrate, so that the colour of urine can depend but little 
on the presence of urochromogen and urobilin; and, as supporting this 
view, it may be noticed that a urochromogen solution may even on 
acidification possess but very little colour and yet show a powerful 
absorption band. Hence urine may often contain a considerable 
amount of urobilin or its antecedent, which contribute but very little 
to its colour. The well-known difficulty in obtaining an absorption 
band from fresh urine is thus explicable, partly from the fact that the 
urobilin exists in it chiefly as chromogen and partly from the fact that 
the pigments other than urobilin absorb the light at the two ends of 
the spectrum, more especially at the violet end, so strongly that before 
a sufficiently thick layer of the fluid can be examined for the band due 
to any urobilin, present as such, all the light at the violet end is 
absorbed and the band of urobilin thus completely masked. 


Normal Urobilin. 


I have in these experiments gone carefully over the properties of 
normal urobilin in order the better to compare this pigment as obtained 
from normal urine with that from pathological urine and with the 
reduction products from bilirubin and hematin. To study the reactions 
of normal urobilin a solution prepared to show urochromogen suffices in 
most cases. In order however to prepare a neutral solution of urobilin 
the following method was found to afford many advantages. 
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The urine is rendered alkaline with ammonia and then precipitated 
with excess of neutral ammonium sulphate. The precipitate is dried in 
the air till free from ammonia. Subsequent treatment of the precipitate 
with absolute alcohol extracts the pigment as a neutral solution showing 
a well marked band of urobilin. Since chromogen does not appear in 
these extracts it must be concluded that ammonia as well as acid 
converts urochromogen into urobilin. The advantage of the ammonia 
over the acid method however is that it is possible by drying the 
precipitate to get rid of ammonia and so obtain immediately a neutral 
solution of urobilin whilst the acid method involves subsequent neutral- 
isation of the extract, a process to be avoided if possible when dealing 


with these pigmentary substances. 


The neutral solution of urobilin so obtained is of a pale brown colour 

and shows a deep but not intense green fluorescence, which distinguishes 
it from the acid and ammoniacal solutions. Its absorption band extends 
from x 480—) 501, or may be broader in a stronger solution. Addition 
of hydrochloric acid to the neutral solution leaves the absorption band 
unchanged but darkens the colour of the liquid, the fluorescence also 
disappearing. 
_ Ammonia causes the disappearance of both the absorption band and 
the fluorescence, the colour becoming light yellow. The ammonia 
solution of urobilin and the solution of chromogen resemble each other 
in being devoid of the absorption band, and hence it becomes interesting 
to determine whether the two may not be identical. Such a hypothesis 
is untenable however, for if true, then a pigment extract from am- 
moniated urine should contain nothing but chromogen and should show 
no absorption band, whereas the extract always contains urobilin and 
a definite band is always present. Therefore urochromogen is quite 
distinct from urobilin in ammoniacal solution. 

The advantage of ammoniated urine for the preparation of a neutral 
solution of urobilin is brought out well in the study of the action of 
zinc chloride upon it. MeMunn! maintains the possibility of ob- 
taining a green fluorescence on addition of zinc chloride and ammonia 
to solutions of urobilin with a simultaneous shifting of the band at F, 
but he says that zinc chloride alone causes no fluorescence and that 
the band at F does not change place, and having in former experiments 
obtained both effects he supposes the effect of zinc chloride alone to be 
variable. It certainly seems very improbable that the action of ZnCl, 


1 This Journal, Vol. x. (1889), p. 96—97. 
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and NH, should be constant and that of ZnCl, should be variable. 
The reason of McMunn’s variation is to be found in the use of acid 
in the initial extractions, as my experiments show. 

If zine chloride alone be added to a neutral alcoholic solution of 
urobilin the deep but slight green fluorescence becomes brilliantly 
intensified both in shade and in amount. And far more so than if 
ammonia alone were added. The chromogen solution shows the same 
effect. The solution is now pink by transmitted light, and the normal 
urobilin band is shifted towards the red so as now to read x 498—A 514 
(See Chart, No. 3). 

Ammonia added subsequently to zinc chloride causes precipitation. 
On addition of an excess the precipitate dissolves to a solution, which is 
yellow by transmitted light, showing a green fluorescence, but not so 
brilliant as when zinc chloride alone is used. The absorption band at 
F is again shifted towards the red and reads now x 499 Xx 514. So 
that zinc chloride reacts differently according as the urobilin is in 
neutral or ammoniacal solution. In the former case the solution 
becomes pink, in the latter yellow and in the former shows a brighter 
green fluorescence than in the latter. 

Zinc chloride does not affect an acid solution. Hence MeMunn's“ 
variable results when using ZnCl, alone. In his earlier experiments, 
where ZnCl, produced a change, his urobilin was no doubt neutral in 
reaction; in his later, where he simply redissolved in alcohol a dried 
chloroform extract of acidulated urobilin, his urobilin was of necessity 
associated with acid, no steps having been taken to neutralise it. 
Hence the failure of Zul, to react with it. I have also failed to see, 
even after repeated search, the other bands which McMunn de- 
scribes as appearing after the addition of ZnCl, McMunn himself 
however does not insist on their constant presence, and as the artificial 
urobilin, to be presently described, also fails to show these bands, it is 
probably safe to maintain that they are absent, and that a simple band 
characterises both neutral and ammoniated solutions of urobilin to 
which zinc chloride has been added. When caustic soda is added to 
the neutral solution the colour becomes less, while in strong solutions 
the slight fluorescence is still persistent. The intensity of the band 
is diminished and its position shifted towards the red, reading now 
X 500—A 510 (See Plate, sp. 4). Again the absorption spectrum is 
found to consist of this band alone, no other two bands in the red and 
orange being evident. 

1 This Journal, Vol. x. (1889), p. 97. 
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Sodium amalgam effects a peculiar change in urobilin. If the 
neutral or caustic soda solutions be treated with sodium amalgam it is 
found that during reduction the colour of the solution almost disappears 
and with it the absorption band. 

The time required for this varies from 8 to 48 hours. The urobilin 
is not decomposed, it is merely turned into a chromogen, for the band 
reappears gradually if exposed to air, and immediately, if over-neutralised 
with acid, the colour being at the same time restored. The band re- 
produced on standing is the band of the caustic soda solution and that 
reproduced by acid is that of the acid solution. This chromogen differs 
from the urinary chromogen above described in so far as addition of 
NaOH to the urochromogen solution shows the band immediately and 
does not require exposure to the air. So that reserving the name 
urochromogen for the body isolated from urine, one may perhaps adopt 
the name urobilinogen for this artificial product. — 

The importance of this sodium amalgam reaction lies in the exactly 
similar behaviour of urobilin as artificially prepared from bilirubin and 
hematin. 

It remains now to compare pathological urobilin with the normal 
and then to consider the relation of the reduction products obtainable 
from bilirubin and hæmatin to normal urobilin. 


Pathological wrobilin. 


The urines from typhoid and scarlet fever cases and from an 
apparently healthy person were treated similarly to normal urine, as 
already described, with neutral ammonium sulphate. 

In one case a chromogen was isolated which in solution showed no 
band until acid was added, confirming the statement above made that 
this method of extraction does not alter the chromogen and that 
urobilin may exist totally as chromogen in the urine but usually only 
exists partially as such. 

In the cases of typhoid and scarlet fever urines the chromogen 
solution contained some urobilin in the changed form, and therefore a 
fairly good urobilin band was obvious (x 477 - 505 in the scarlet fever 
urine). But the solution also contained a great deal of chromogen, 
because on addition of acid to the above mentioned neutral alcoholic 
extract the band deepened to such an extent as to cause absorption 
from the yellow-green x 550 right up to the violet end. 
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The neutral alcoholic chromogen solution was similar in appearance 
to that from normal urine but darker. It is however chiefly in the 
hydrochloric acid solutions that normal and pathological urines differ 
from each other. 

In pathological cases the acid solutions are all red in colour—rose- 
pink when dilute, claret-red when strong, normal urobilin being light- 
brown. There is correspondingly a difference in spectrum. Whereas 
normal urobilin shows only a single band from Xx 479—aA 501, patho- 
logical urobilin shows a shading extending from the red side of the F 
line into the yellow-green to Xx 552, and in the yellow-green this shading 
in strong solutions developes into a distinct band x 530—A 551 (See 
Plate, sp. 5). The substance which is responsible for this additional 
shading and band exists in the urine totally as chromogen, for in a 
neutral (NH,),SO, preparation from fresh unacidified urine no such 
shading or band can be determined. 

The pathological chromogen is also responsible for the red colour of 
the acid solution, which being pale brown previous to the addition of 
acid gradually becomes red with acid, the shading and additional band 
developing in intensity simultaneously. By the addition of zinc 
chloride again two solutions may be obtained, one neutral, pink and 
brilliantly fluorescent, formed by adding ZnCl, to the chromogen or to 
neutral preparations from ammoniacal urine. The other ammoniacal, 
yellow and less fluorescent, formed on adding an excess of ammonia to 
the original neutral solution. 

The spectroscopic appearances of both zinc chloride preparations 
resemble those from normal urobilin. 

The caustic soda solution likewise.does not differ from that of 
normal urobilin. 

Treatment with sodium amalgam affects pathological urobilin in 
the same way as it does normal urobilin, reducing it to the state of a 
chromogen—pathological urobilinogen—which gives no band at all. 
On standing a band reappears—that of the caustic soda solution x 500 
A 510, and addition of acid, in slight excess, immediately restores the 
band at F together with the additional band and shading to the red 
side of this. 

From these experiments it is to be inferred that scarlet and typhoid 
fever urines contain in addition to normal urobilin a chromogen patho- 
logical urochromogen, differing from norma] urochromogen in that it 
gives risé on the addition of an acid to a urobilin which is red in acid 
solution, which shows in addition to the ordinary F band an additional. 
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band and shading to the red side of this. The above results are not in 
accord with Mc Munn’s’, in that he describes bands in the yellow and 
red for the various solutions which were not obvious in the present 
experiments. 

From the greater amount of colour and greater intensity of the F 
band in solutions of pathological urobilin it must be concluded that 
pathological urines contain more pigment than normal, indicating how 
the general increase of metabolism in fever affects pigments as well as 
all other substances, the excess being probably due to the general 
increase of metabolism characteristic of fever. 


| Reduction of Bilirubin. 


It is by no means clear from the work of the earlier observers as to 
how far the reduction products of bilirubin are identical with normal 
7 urobilin, The evidence for the similarity of the two is based on Maly’s 
f researches. Maly“ obtained a pigment, hydrobilirubin, by reducing 
i bilirubin with sodium amalgam and subsequent addition of excess of 
: acid, in the form of a dark purple precipitate, which so far resembled 
1 Jaffé’s urobilin in spectroscopic properties that Maly thought the two 
) to be identical. 
; Mc Munn’ on repeating the experiment failed to obtain a normal 
) urobilin and also came to the conclusion that hydrobilirubin was an 
intermediate oxidation product of bile pigment. 
5 Disqus“ was of opinion that the formation of hydrobilirubin is 
preceded by an intermediate stage and that further reduction chauges 
"Renee oes the hydrobilirubin itself so that it becomes impossible to obtain a pure 
substance (urobilin ?) by reduction. 
2 From my own experiments it would appear that Maly, Disqué, 
a and Mc Munn were in reality not dealing with the same thing when 
. they speak of hydrobilirubin, hence the confusion which has arisen. 
1) Bilirubin was prepared in the usual way. Pounded gallstones were 
8 repeatedly extracted with ether to remove cholesterin; the residual 
q earthy compound was treated with hydrochloric acid to set free the 
bilirubin as a precipitate. This was filtered off and washed with bydro- 


d chloric acid and water, and dried and extracted with chloroform. The 
— 

t Me Mun n. This Journal, Vol. x. 1889, p. 76. 

d 2 Maly, Centralblatt f. d. med, Wiss. 1871, S. 849. Ann. d. Chem. Bd. 163, 1872, S. 77. 
" Me Munn, loc, cit. p. 107. 


* Zeits, fur phys. Chem. Bd. u. Heft 4 (1878), S. 263. 
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The neutral alcoholic chromogen solution was similar in appearance 
to that from normal urine but darker. It is however chiefly in the 
hydrochloric acid solutions that normal and pathological urines differ 
from each other. 

In pathological cases the acid solutions are all red in colour—rose- 
pink when dilute, claret-red when strong, normal urobilin being light- 
brown. There is correspondingly a difference in spectrum. Whereas 
normal urobilin shows only a single band from Xx 479 — 501, patho- 
logical urobilin shows a shading extending from the red side of the F 
line into the yellow-green to Xx 552, and in the yellow-green this shading 
in strong solutions developes into a distinct band x 530—A 551 (See 
Plate, sp. 5). The substance which is responsible for this additional 
shading and band exists in the urine totally as chromogen, for in a 
neutral (NH,),SO, preparation from fresh unacidified urine no such 
shading or band can be determined. 

The pathological chromogen is also responsible for the red colour of 
the acid solution, which being pale brown previous to the addition of 
acid gradually becomes red with acid, the shading and additional band 
developing in intensity simultaneously, By the addition of zinc 
chloride again two solutions may be obtained, one neutral, pink and 
brilliantly fluorescent, formed by adding ZnCl, to the chromogen or to 
neutral preparations from ammoniacal urine. The other ammoniacal, 
yellow and less fluorescent, formed on adding an excess of ammonia to 
the original neutral solution. 

The spectroscopic appearances of both zinc chloride preparations 
resemble those from normal urobilin. 

The caustic soda solution likewise does not differ from that of 
normal urobilin. 

Treatment with sodium amalgam affects pathological urobilin in 
the same way as it does normal urobilin, reducing it to the state of a 
chromogen—pathological urobilinogen—which gives no band at all. 
On standing a band reappears—that of the caustic soda solution Xx 500 
A 510, and addition of acid, in slight excess, immediately restores the 
band at F together with the additional band and shading to the red 
side of this. 

From these experiments it is to be inferred that scarlet and typhoid 
fever urines contain in addition to normal urobilin a chromogen patho- 
logical urochromogen, differing from normal urochromogen in that it 
gives rise on the addition of an acid to a urobilin which is red in acid 
solution, which shows in addition to the ordinary F band an additional 
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band and shading to the red side of this. The above results are not in 
accord with Mc Munn’s’, in that he describes bands in the yellow and 
red for the various solutions which were not obvious in the present 
experiments. 

From the greater amount of colour and greater intensity of the F 
band in solutions of pathological urobilin it must be concluded that 
pathological urines contain more pigment than normal, indicating how 
the general increase of metabolism in fever affects pigments as well as 
all other substances, the excess being probably due to the general 
increase of metabolism characteristic of fever. 


Reduction of Bilirubin. 


It is by no means clear from the work of the earlier observers as to 
how far the reduction products of bilirubin are identical with normal 
urobilin. The evidence for the similarity of the two is based on Maly’s 
researches. Maly“ obtained a pigment, hydrobilirubin, by reducing 
bilirubin with sodium amalgam and subsequent addition of excess of 
acid, in the form of a dark purple precipitate, which so far resembled 
Jaffé's urobilin in spectroscopic properties that Maly thought the two 
to be identical. 

Mc Munn’ on repeating the experiment failed to obtain a normal 
urobilin and also came to the conclusion that hydrobilirubin was an 
intermediate oxidation product of bile pigment. 

Disqué* was of opinion that the formation of hydrobilirubin is 
preceded by an intermediate stage and that further reduction chauges 
the hydrobilirubin itself so that it becomes impossible to obtain a 258 
substance (urobilin 7) by reduction. 

From my own experiments it would appear that Maly, 3 
and Mc Munn were in reality not dealing with the same thing when 
they speak of hydrobilirubin, hence the confusion which has arisen. 

Bilirubin was prepared in the usual way. Pounded gallstones were 
repeatedly extracted with ether to remove cholesterin; the residual 
earthy compound was treated with hydrochloric acid to set free the 
bilirubin as a precipitate. This was filtered off and washed with hydro- 
chloric acid and water, and dried and extracted with chloroform, The 


Me Munn. This Journal, Vol. x. 1889, p. 76. 

Maly, Centralblatt f. d. med. Wiss. 1871, S. 849. Ann. d. Chem. Bd. 163, 1872, S. 77. 
Me Munn, loc, cit. p. 107. 

* Zeits, fiir phys. Chem. Bd. u. Heft 4 (1878), S. 263. 


* 
= 
a 
fi 
L 
— 


334 A. EICHHOLZ. 


orange red chloroform extract was dried and the bilirubin dissolved in 
NaOH solution, filtered through asbestos and treated with sodium 
amalgam in flasks. In some experiments the flasks were shut off from 
contact with air by Bunsen valves, but it was found that such precaution 
is unnecessary. On dissolving in caustic soda, the bilirubin speedily 
changes to biliverdin. On reduction in the cold the green colour 
changes successively to dark brown, light brown, yellow-brown and 
finally to pale yellow, the first three stages being reached in a few 
hours, whereas the final stage requires from one to three days. 

McMunn describes the formation of a precipitate in the earlier 
stages of reduction. I only obtained this once in the case of a very 
strong bilirubin solution, from which one may perhaps suppose that 
McMunn used concentrated solutions of bilirubin, this fact being 
important as accounting for several of his conclusions. 

In the earlier stages of reduction McMunn states that the solution 
“ gave a spectrum like the Gmelin Heintz reaction at an early stage,” 
hence concluding that the formation of hydrobilirubin is oxidative, at 
any rate not reductive. So far from denying this possibility I would 
merely suggest whether this Gmelin Heintz reaction at an early 
stage may not in reality be due to the bilirubin having been oxidised 
to biliverdin under the action of the caustic soda previously to the 
addition of sodium amalgam, and is it not further possible that 
McMunn’s green precipitate, as formed at this stage by adding excess 
of HCl was chiefly composed of biliverdin, for precipitation would be 
likely to take place in solutions of such concentration as McMunn 
seems (?) to have employed. 

In any case he must be at fault in supposing this green precipitate 
to be Maly’s hydrobilirubin, for this latter is described as a purple 
precipitate. 

Additional evidence that this green substance of McMunn must be 
largely biliverdin is furnished by his statement that in whatever way its 
solution be treated, whether with NH. OH, ZnCl,, or ZnCl, and NH, the 
green colour always persists, whereas Maly’s hydrobilirubin is never 
green in any of the above solutions. So that there can be but little 
doubt that McMunn at this stage of his reduction was operating on a 
mixture composed largely of biliverdin, the rest consisting of reduced 
matter as shown by the spectroscopic appearances (band at F.). 
McMunn is then not right in supposing the formation of hydro- 
bilirubin to be oxidational. Any oxidation—as recognised by the 
Gmelin reaction in the present case—must be due to the formation of 
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biliverdin by the alkali in which it is dissolved previous to reduction. 
The truth seems to be rather, as the present experiments show, that 
Maly’s hydrobilirubin is in reality a reduction product but is only an 
intermediate product, complete reduction furnishing normal urobilin. 

In the process of reduction the green biliverdin colour gradually 
changes to the yellow brown stage, which marks the first stage of 
importance in the reduction, the solution consisting now mainly of 
Maly’s hydrobilirubin. The solution—which is a caustic soda solution 
of course—shows at this stage a red fluorescence and if examined 
spectroscopically presents 3 bands, 

X 500—A 510 
Xx 574— 593 
X 620—A 644 (See Plate, sp. 6). 

Caustic soda solution of urobilin shows only the first of these bands. 
On addition of excess of hydrochloric acid at this stage a flocculent 
purple precipitate is produced, which after filtering and washing with 
hydrochloric acid dissolves in absolute alcohol to a purple solution 
giving the ordinary band of urobilin in acid solution. 

The NaOH solution of this shows the three bands above described. 

ZnCl, added to the neutral solution of Maly's bydrobilirubin gives 
a pink colour similar to urobilin with a corresponding brilliant green 
fluorescence. 

Excess of ammonia similarly changes the colour to yellow, diminish- 
ing the brilliancy of the fluorescence. 

The single banded spectrum in each case resembles that of urobilin, 
but may be deeper owing to the possibility of obtaining a stronger 
solution of pigment in the case of hydrobilirubin. In diluted solutions 
no difference can be detected. So that Maly’s hydrobilirubin differs 
from normal urobilin in the 3-banded spectrum and red fluorescence of 
its NaOH solution, in the purple colour of its acid alcoholic solution 
and in its precipitability by hydrochloric acid. 

In the next and completed stage of reduction normal urobilin is 
formed. The solution changes from yellow brown to a pale yellow and 
pari passu, the two bands in the yellow and orange disappear, leaving 
only the band in the yellow green. As the bands disappear there is a 
continually decreasing possibility of precipitation by HCl, and no pre- 
cipitation is possible at a time when the three bands have given place to 
a single band in the position of the caustic soda band of urobilin. 
Further reduction, as in the case of urobilin, converts the artificial 
urobilin into an almost colourless solution with no band—artificial 
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chromogen or urobilinogen—and owing to the tendency of artificial 
urobilin to revert to Maly’s hydrobilirubin, if the reduction be not com- 
plete it is advisable to convert the pigment entirely into chromogen first, 
then to allow it to stand, whereupon it reverts to the state of normal 
urobilin showing the single band at F G 500—A 510), and remains in 
that state, never changing into Maly’s hydrobilirubin if once fully re- 
duced to urobilin. 

In this state the HCl, NH,, NaOH, ZnCl, and ammoniated ZnCl, 
solutions so accurately resemble those of normal urobilin as to render 
recapitulation superfluous. The action of sodium amalgam has above 
been shown to be similar to its action on urobilin, urobilinogen being 
produced. 

There can thus be now no doubt that Maly’s bydrobilirubin is not 
identical with normal urobilin, but is only an intermediate product in 
the reduction, complete reduction resulting in the formation of a pig- 
ment accurately resembling urobilin. 

The above statements then serve to dispel the confusion arising from 
the indiscriminate application of the term hydrobilirubin to Maly’s 
product, to McMunn’s mixture (?) of biliverdin and reduced products 
and to the mixture of substances in which Disqué’ surmised the 
presence of urobilin while doubting the possibility of obtaining it as a 
pure product from bilirubin by reduction. 


Reduction of Hœmatin. 


Hoppe-Seyler“ in 1866 described an experiment in which hematin 
in acid solution was reduced with hydrochloric acid and metallic tin on 
the water bath. After passing through several intermediate stages with 
corresponding variations in spectrum the solution finally became yellow, 
presenting a single absorption band in the region of F. Repeating the 
experiment“ after Maly’s description of hydrobilirubin Hoppe-Seyler 


concluded that the reduction of hematin led to the formation of a sub- 


stance identical with Jaffé’s urobilin and Maly’s hydrobilirubin. 
Later Nencki and Sieber“ stated that in the reduction of hemin 
with tin and hydrochloric acid a small quantity of a pigment with the 


properties of urobilin is formed, but gave no details as to how to separate 


1 Disqué, loc. cit. 

Med. chem. Untersuchungen, 1866, Heft 4, S. 537. 
3 Ber. d. d. chem. Gesell. Bd. 111, 1874, S. 1065. 

* Archiv f. exp. Path. und Pharm. Bd. xvmt. 8. 401. 
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it from the substance mainly formed in the reduction —hexahydrohæma- 
toporphyrin—a body giving three bands in acid solution, and therefore 
their statement is of little experimental value. Le Nobel’ denied the 
formation of urobilin in the reduction of hematin, while acknowledging 
that reduction may lead by intermediate stages to a stage in which the 
solution presents one band only and that situated near F. He maintains 
that the substance cannot be urobilin, for on exposure to air it becomes 
reconverted to one of the intermediate stages namely the urohzemato- 
porphyrin of McMunn. To the urobilinlike body Le Nobel gives the 
name urobilinoidin, whereas Mc Munn’ considers this merely as a chro- 
mogen of urohwmatoporphyrin. My own results agree in the main with 
these observations, but from the great similarity between the so-called 
urobilinoidin and urobilin they seem to me to be extremely closely 
allied. 

My experimental details differ somewhat from McMunn’s and 
Le Nobel’s, as appears from the following description. Hematin in 
acid solution was prepared by either Kiihne’s or McMunn’s methods, 
and was reduced on the water bath with either tin or zinc and hydro- 
chloric acid, tin being preferable to zinc. The red brown solution soon 
acquired a rose red colour and showed the spectrum of iron free hematin 
in acid solution, a little later on a band was developed in the region of F. 
In about half an hour the solution was pale yellow in colour and the 
band at F was alone visible, this being the stage of Hoppe-Seyler’s 
urobilin. On filtering at this stage the solution almost immediately 
underwent a change on exposure to air, becoming bright red and showing 
in different experiments either three or four bands (McMunu’s urohe- 
matoporphyrin), so far confirming Le Nobel’s statement as to the 
impossibility of reducing hematin to urobilin. On continuing the 
reduction until the solution became almost colourless (boiling for about 
34 hours), with replacement of acid and tin when necessary, the solution 
became almost colourless, and on filtering acquired a yellow colour but 
did not revert to the urohematoporphyrin stage. This yellow solution 
was left to stand for 18 hours and did not change. It was then extracted 
with chloroform and evaporated to dryness, yielding a light brown 
amorphous residue. This residue was soluble in absolute alcohol and 
cold water. The alcohol solution of the residue closely resembled 
urobilin in its band at F, its slight green fluorescence and light brown 
colour. With HCl the band remained, resembling that of urobilin. 


fu ger Archiv, Bd. 40, 1887, S. 501. 
2 Mc Munn, loc. cit. p. 91. 
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The solution showed a slight green fluorescence. With NH, the colour 
of the solution became more faint and the fluorescence disappeared. 
ZnCl, and NH, gave a pale yellow solution with green fluorescence, with 
a single band similar to the band of urobilin the same condition. ZnCl, 
in neutral solution gave a pink coloration and a light green fluorescence. 

Caustic soda shifted the band toward the red. 

Sodium amalgam caused the band to disappear from the — 
Addition of acid, however, immediately restored it. 

The solution of this artificial pigment differs from normal urobilin in 
the slight fluorescence of its acid solution and in the marked tendency 
on long standing to decompose so as to show a band in the region of D 
X 570—A~ 598. 

These differences however are in reality insignificant, the experiment 
proving that a body very closely resembling urobilin may by prolonged 
and complete reduction be produced from hematin in acid solution. 
This body, if not identical with urobilin, still stands in some close relation 
with it, such as is often found to exist between natural and artificial 
forms of the same substance. 


Summary. 

1. Normal urobilin exists in the urine totally or partially as chro- 
mogen and can by appropriate methods be isolated so as to furnish a 
solution containing the pigment wholly or partly as chromogen. 

2. Urobilin and urochromogen are not highly coloured substances 
and urine cannot depend on them to any great extent for its colouring 
matter. 

8. Pathological urine contains an additional pigment, pathological 
urobilin which differs from normal urobilin in the spectrum of its acid 
solution. It also exists as a chromogen which can be isolated as such. 

4. Both normal and pathological urobilin can be reduced by sodium 
amalgam to a chromogen, which differs from urochromogen, and so may 
be called urobilinogen. 

5. Bilirubin on prolonged reduction furnishes a substance accu- 
rately resembling urobilin. Maly’s hydrobilirubin is not the same as 
urobilin but is an intermediate product in the reduction. 

6. Hæmatin in acid solution reduces to a substance closely re- 
sembling urobilin. Incomplete reduction furnishes a body also resem- 
bling urobilin but which immediately reverts to the state of urobema- 
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It is with great pleasure that I place on record my thanks to Dr Sueripan 
Lea for the facilities provided me during my work and also for the valuable 
criticism he very kindly offered during the perusal of my paper. 


EXPLANATION OF PLATE. 


Spectrum 1. A chromogen solution (neutral), normal urobilin before the 
addition of acid. 

Spectrum 2. Effect of hydrochloric acid on the above. 

Spectrum 3. Effect of zinc chloride or zinc chloride and ammonia on the 
urobilin band. 

Spectrum 4. Effect of sodium hydrate on urobilin band. 

Spectrum 5. Typhoid fever. Urobilin in acid solution. 

Spectrum 6. Sodium hydrate solution of Maly’s hydrobilirubin. 
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MUCIN GRANULES OF MYXINE. By E. WAYMOUTH 


REID, Professor of Physiology in University College, Dundee, 
St. Andrews University, N.B. (Plate XXIII.) 


THaT the secretory product of a mucous cell is first formed in the 
shape of spheres or granules of considerable size, has now been 
demonstrated in several instances. Especially clear and convincing is 
the account recently published by Langley(!) of the microscopic 
appearances and microchemical reactions of the mucous granules found 
in the cells of the submaxillary and orbital glands of the dog. 

The slime of the common Hag-fish (Myxine glutinosa), on account of 
its extraordinary viscidity, struck me as a promising secretion in which 
to search for the presence of mucous granules, and in the following note 
a short account will be given of the microscopic features of these bodies. 
It is perhaps necessary to first briefly describe the slime secreting 
apparatus of this fish. 

A double row of glands (schleimsicke), which are virtually simple 
involutions of the skin, extends along the belly of the animal from head 
to tail, each gland having a separate duct to the surface. These 
structures were first described by Retzius(?) but far more accurately 
later by J. Müllers). Pressure upon these sacs in the fresh specimen 
leads to the exudation of a milky fluid which when diluted with water 
becomes extraordinarily viscid and ropy. 

The milky appearance of the secretion is produced by the presence 
in it of a multitude of ovoid cells whose protoplasm has been converted 
into a single complexly wound thread (Aufgewickelte Fadenkörper of 
Müller), which is easily unwound, as a thread from a spool, so that the 
diluted secretion becomes permeated by fine threads which cling with 


* 
* 
= 14 
* 
ae 


MUCIN GRANULES. 341 


tenacity to any object with which they are brought in contact. These 
“thread cells” are developed from the epithelium lining the gland sac, 
as demonstrated first by Kélliker(4) and are apparently specialised 
examples of the club shaped cells (Kolben) found in the epidermis 
of Myxine described by Kélliker(4), Max Schultze(5), and Blom- 
field, and known to occur in the epidermis of many genera (Petro- 
myzon, Anguilla, Tinca, Malopterurus, Cobitis, Leuciscus, Silurus). 

From the examination of sections of the glands from specimens pre- 
served in chromic acid Max Schultze(5) described in the interior, in 
addition to the “thread cells,” others resembling in appearance those of 
the notochord, thus p. 292-3 Die Schleimsiicke von Myxine sind, wie 
ich an einem iu Chromsiure erbhärteten Exemplare von Myxine glutinosa 
siehe, . ., dicht ausgefüllt von einer dem Gewebe der Chorda dorsalis in 
feineren Baue wie in Consistenz ähnlichen, grosszelligen Masse.“ These 
cells have also been described by Blomfield i from specimens hardened 
in chromic acid, Miiller’s fluid, picric acid, and alcohol under the name 
of “spider cells” from the appearance of lines of spongioplasm radiating 
from a collection round the central nucleus, through a clear mass 
(granular in alcohol specimens) towards the periphery of the cell. 

These chorda cells” of Max Schultze are also represented in the 
general epidermis and are apparently analogous with the “Kérnerzellen” 
described by Kélliker(4) in the epidermis of Petromyzon and since 
more closely examined by Max Schultze(5), F. E. Schultze”), 
Foettinger(®) and others. The “chorda cell” is in fact the proto- 
plasmic skeleton alone of the “granule cell,” the presence or absence of 
the granularity depending upon the method of preparation (Blom- 
field), p. 359). 

The contents then of the slime glands of the Hag - fish according to 
previous observers consist of the well known “thread cells” of Johannes 
Miiller, interspersed among large globular cells which, when preserved 
by the ordinary histological methods, present the appearance of a 
network of spongioplasm whose interspaces may be clear or filled 
with a granular material. Both sets of cells are represented in the 
general surface epidermis and both appear to arise from a single layer 
of rather flattened epithelial cells lining the sac and continuous with 
the epidermis. 

Up till now, as far as I know, no observations upon the microscopic 
appearances of the secretion in the fresh state have been published, 
all the work having been done upon preserved specimens, 

If some of the secretion of a fresh fish be squeezed out on to a dry 
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slide and covered, it is noticed that an element hitherto undescribed is 
present in abundance. The preparation teems with granules filling 
whatever interspaces exist between the “thread cells,’ threads, and 
débris of the chorda cells.” 

These granules when fresh and protected from pressure are ovoid in 
shape, but distinctly flattened, colourless, and devoid of structure so far 
as Zeiss Apochromatic 2mm. Homogeneous Immersion can resolve. 
In size the long axis may vary from 2 to 5y, the short axis being 
approximately half the length of the long. The general appearance is 
seen in Plate XXIII. 

Kept upon the slide protected from drying, or in the slime sacs of 
the fish they may be preserved without any apparent alteration for days 
(4 days), but contact with water or watery solutions causes them to 
suddenly burst after becoming rapidly globular, so that on irrigating a 
fresh specimen with water, a continuous nn of exploding granules 
goes on beneath the eye. 

The first attempts at permanent fixation of these granules were 
fruitless, in spite of the fact that the reagents were applied direct to the 
granules spread on a dry slide. The following reagents were found to 
be useless as fixatives of these granules: Osmic vapour, 2% osmic 
solution. Corrosive sublimate in saturated watery or alcoholic solution. 
Absolute alcohol. Picric acid in saturated watery solution. Flem- 
ming's fluid. Chromic acid solution 5 to 2% Gold chloride 1% 
Corrosive sublimate plus chromic acid. 10% nitric acid. Perenyi's 
fluid. Finally by the “cover glass method” with heat it was found 
possible to fix the granules without any marked alteration of shape; it 
is however difficult to obtain thin layers on account of the viscous nature 
of the secretion. 

When fixed as just stated, the granules stain with avidity with 
methylene blue, but this must be employed in solution in 90°/, alcohol, 
otherwise the granules burst. The coloration is brilliant blue and 
there is no trace of a rose coloration by yellow or white light. 

They may also be stained with saffranine in absolute alcohol and then 
give the orange red colour described by Paneth(%) for the mucin granules 
in the goblet cells of the mouse’s intestine. Plate XXIII. is a photo- 
mechanical reproduction of an untouched negative taken from a saffranine 
stained specimen. 

It is now necessary to detail the action of reagents upon the granules 
in the fresh state. 

Water. The granules swell rapidly and “explode” leaving a mass of 
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granular débris. When a small mass of secretion is placed in a watch 
glass of distilled water the latter remains limpid for a few minutes, but 
in about ten is viscid and almost gelatinous. The granules burst also in 
sea water. 

Acetic acid 2°/,, The granules shrink, become irregular and finally 
give rise to a stringy membranous net. A small mass of secretion 
placed in 2°/, acetic acid becomes tough and tenacious, and the sur- 
rounding fluid does not become viscid. 

Sodic chloride 5% A certain amount of shrinkage occurs and the 
outlines of the granules get more distinct. Finally however they 
disintegrate. 

Acetic acid + 5°/, sodic chloride. The granules swell at first, then 
disintegrate into clumps of very fine granules which finally dissolve in 
the fluid. 

2% Potassium hydrate. The granules rapidly swell and dissolve 
completely. A little mass of secretion placed in 2% potash becomes 
transparent and the surrounding fluid gets viscid though by no means 
so viscid as when the secretion is placed in distilled water. 

Xantho-proteic test. The nitric acid causes disintegration of the 
granules, but the resulting débris gives the orange reaction upon 
addition of ammonia. 

Millon's reagent. No distinct red coloration was obtained. 

Boiling water. The granules break into a mass of stringy débris. 

Pepsin + 2% hydrochloric acid. Applied on a Schäfer's warm 
stage and examined in a hanging drop the granules were seen to break 
into finer ones, the débris resisting digestion for some time but finally 
dissolving. 

The above reactions correspond very closely in many respects with 
those obtained by Langley (i) for the granules of the submaxillary and 
orbital gland cells of the dog. 

It is furthermore possible to obtain the “granule substance” free 
from the “fibre substance” by extractions, precipitations with acetic or 
weak hydrochloric acids, re-solution in weak alkali, and re-precipitation, 
followed by extraction with alcohol and ether in a Soxhlet apparatus. 
It is not my intention to enter at length here into the chemistry of the 
material, but the following facts will suffice to show that the granule 
substance has many. points of resemblance to mucin though in (e) it 
markedly differs. 

(a) The substance is soluble in dilute alkalis and the solution is 
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(b) The solution is precipitated by weak acetic acid and the 
precipitate is insoluble in excess. 

(c) The solution is precipitated by dilute hydrochloric acid, but the 
precipitate is soluble in excess of this reagent. 

(d) Addition of sodie chloride to the solution prevents its precipi- 
tation by acetic acid. 

(e) Prolonged boiling (6 hrs.) with 2°/, sulphuric acid does not 
yield a body reducing Fehling’s fluid. 

The microchemical reactions then of these granules and the macro- 
chemical results with solutions of the substance composing them warrant 
the name of mucin granules being applied to them. One naturally asks 
oneself why these extraordinarily large granules have not before been 
described by those who have examined the structure of the glands of 
the skin of Myxine glutinosa? Apparently because all ordinary re- 
agents lead to disintegration and the most that is visible of them in 
sections is a granular débris in the spaces of the chorda cells” within 
the glands. In the fresh state these cells are so stuffed with granules 
that it is impossible to isolate them without rupture, and the most that 
can be seen of the fresh cell is a few strands of protoplasm with perhaps 
an attached nucleus. Blomfield(®) suggests, p. 361, that the “spider 
cells” as he calls them “contribute a constituent of the secretion, 
probably the more liquid part.” This is undoubtedly the case, but this 
part of the secretion is formed in the cells in granules which cannot as 
far as I know be preserved in situ. If these “chorda cells” are simply 
mucous cells whose granules become disintegrated in the process of 
fixation for histological purposes, the disintegration products in preserved 
specimens should give the characteristic staining reactions of mucin. 
This is the case, for specimens hardened in corrosive sublimate give the 
violet red reaction with thionin described by Hoyer(!®), a reaction 
which from numerous observations upon mucin-containing cells from 
different structures, I believe to be thoroughly reliable as diagnostic of 
the presence of mucin in a tissue; the reaction takes place only in the 
material in the apparent spaces in the “chorda cells,” the nucleus of the 
cell being dyed brilliant blue. With satfranine also the “spaces” in the 
cell are tinged orange red while the nucleus becomes ruby red. Finally 
methylene blue stains the “spaces” in these cells with extraordinary 
rapidity. 

From the above short note it would appear that : 

1. The mucus of Myxine glutinosa is secreted in the form of 
granules peculiar for their size (2 to 5 ) and flattened ovoid shape. 
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2. These granules are produced in mucous cells (“chorda cells” of 
Max ee eg “spider cells” of Blomfield) developed in the slime 
glands. 

3. The 8 retain their form in the cells in the slime glands 
for several days after death, but contact with water or watery solutions 
causes immediate disintegration. 

4. The “cover-glass method” with heat is the only one hitherto 
employed by which the granules can be fixed. 

5. A solution of the separated substance composing the granules 
presents most of the features of a mucin, but differs in that it refuses 
to yield a body reducing Fehling’s fluid after prolonged boiling with 
diluted sulphuric acid. 


DESCRIPTION OF PLATE. 


Plate XXIII. is a reproduction by photo- mechanical printing of a negative 
of the mucin granules of Myxine prepared by the cover-glass method with heat 
and stained with saffranine in absolute alcohol, The double line across 
the middle of the print represents one of the fibres unwound from a Miller’s 
„thread cell.” 

The photographic data are as follows: Zeiss Apochromatic 2 mm. Homo- 
geneous Immersion lens. Projection ocular No. 4. Linnemann Zircon 
lamp. Mawson photo-mechanical plate. 

The scale of micromillimeters is drawn from a photograph of a stage 
micrometer under the same system of lenses. 
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ON CERTAIN PROTEID AND ALBUMINOID RE 
ACTIONS AND THEIR SIGNIFICANCE. By JOHN 
W. PICKERING, BSc. (Lond.), Assistant Demonstrator in 
Biology at St Bartholomew's Medical School. 


(From the Physiological Laboratory of King’s College, London.) 


THE experiments about to be described were begun with the object of 
determining if further modifications in the known tests for proteids 
would lead to distinctive reactions, and if possible to throw some light 
on the molecular groups upon whose existence, both the older reactions, 
and those about to be detailed depend. 

My paper can be divided into the following sections: 


I. That dealing with previous work. 


II. The reactions obtainable with salts of cobalt, nickel, and copper 
with proteids and albuminoids. 


III. The reactions of the same salts with certain proteid decompo- 
sition products, and allied substances. 
IV. Remarks on the significance of the previous observations. 


V. On the significance of the reactions associated with the names 
of Liebermann, Adamkiewicz, and Millon. 


VI. On the xanthoproteic reaction. 
VII. On the sulphomolybdic reaction. 
VIII. On the saliphonic reaction. 
IX. On certain albuminoid reactions. 
X. On Krasser’s alloxan reaction. 
XI. On certain reducing reactions. 
XII. On the reactions of proteid precipitates. 
XIII. 
XIV 
PH. 


Is there any molecular group associated with coagulation ? 
Summary of results. 
XIv. 25⁵ 
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I. Previous Work. 


Piotrowski! discovered that the addition of copper sulphate and 
caustic potash to a proteid gave a violet colour while “peptone” with 
the same reagents yielded a rose-red solution. 

G. Wiedemann“ found that biuret with these reagents gave a rose- 
red solution. Hence the rose-red colour reaction of albumoses and 
peptone is often known as the “ biuret reaction.” 

Brücke“ laid stress on the difference of the violet colour obtainable 
with proteids and the rose-red reaction of peptones but considered the 
radicle which causes the reaction to be in both cases the same, and that 
some intra-molecular change is the cause of the variation in tint. 

As early as 1821 Rudolphi‘ wrote “the components of the dead 
and living body are not existing under the same chemical conditions,” 
but it was not until 1875 that Pflüger“ put forward his theory to 
explain the difference, stating that the assimilation of proteids is 
probably due to the formation of ether-like combinations between the 
molecules of the living and the isomeric molecules of the food proteid, 
water being at the same time eliminated. He also thought that non- 
living proteids contain the radicle amidogen (NH,) which is changed 
into the radicle cyanogen (CN) when they pass into the living condition. 
He pointed out that uric acid, creatine, guanine, etc. are the products 
of proteid metabolism and that no such bodies are obtainable from dead 
proteids. 

Loew and Bokorny* by experiments on alge have found that 
living vegetable protoplasm was able to reduce weak alkaline solutions 
of silver nitrate, and that dead protoplasm could not. Similar experi- 


1 Piotrowski. Wiener Acad. Bericht. Bd. xxrv. 8. 385. 

* Wiedemann. Poggendorff’s Annalen. Bd. txxtv. 8. 67. 

Brücke. Sitzungsbericht. of the Vienna Academy, 1883, reprinted in the Monats- 
hefte fur Chemie. Bd. rv. 

* Rudolphi. Grundriss der Physiologie, 1821. 

5 Pfliiger’s Archiv. Bd. x. S. 251. 

Loew and Bokorny. Die chemische Kraftquelle im lebenden Protoplasma theo- 
retisch begründet und experimentell nachgewiesen. München, 1882. Die chemi- 
schen Ursachen des Lebens theoretisch und experimentell nachgewiesen. München, 
1881. Pfluger Archiv. Bde. XXII. S. 503; XVIII. 8. 94; Mv. 8. 199. Maly’s Jahres- 
bericht d. Thierchemie. Bde. x. (1880), S. 8; x1. S. 391—394; xu. 880; I. 1; Mv. 349, 
474; xvi. 8; xvi, 395. Biol. Centralbt. Bde. 1. (1881), S. 198; vir. (1888), S. 1. Bot. 
Centralbt. (1889), S. 39. Journ. F. prakt. Chem. Bd. xxx1. (1885), S. 2 Ber. d. Deut. 
Chem. Gesell. Bde. xv. S. 2508; xv. 8. 695. ö 
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ments on animal protoplasm failed, because of the fatal effect of the 
reagents upon it. They have put forward the view that proteids were 
formed by the repeated polymerisation of aspartic aldehyde in presence 
of a sulphur compound and hydrogen. It has been pointed out that 
aspartic aldehyde is at present unknown to chemists while Gnezda' 
has shewn that his tests do not correspond to an aldehyde group. 
Petri“ has however found proteids react with diazobenzine sulphonic 
acid and ammonia or a fixed alkali giving a yellow or a red-brown 
solution dependent on the degree of concentration of the proteid under 
examination. If these solutions are treated with hydrogen produced by 
sodium amalgam or by zinc and sulphuric acid an intensely red 
solution is produced, which is strikingly similar to that formed by an 
aldehyde or by glucose with the same reagents. Loew has emphasized 
the fact that proteids when brought in contact with concentrated 
sulphuric acid yield furfur aldehyde, the presence of which can be 
demonstrated by the red colour which paper saturated in acetate of 
xylidene assumes when brought into contact with the solution. For 
this reason Loew doubts Petri’s conclusion while Udranszky* has 
assigned the same reaction to an aromatic group. The existence of an 
aldehyde group in protoplasm has also been criticized by Baumann‘, 
who pointed out that Loew and Bokorny’s work was open to serious 
objections, since not only aldehydes reduce alkaline silver nitrate but 
also pyrogallol, resorin, hydrochinon, pyrocatechuic acid, alloxan and 
morphine. From these observations they conclude that the reduction 
obtained by Loew and Bokorny is not necessarily due to an aldehyde 
radicle. Both Kretzschmar“ and Griffiths“ have also independently 
obtained the reduction with both living and dead protoplasm. 
Hlasiwetz and Habermann’ obtained by chemical decomposition 
of proteid leucine, tyrosine, aspartic and glutamic acids. Erlenmeyer 
and Schöffer“ arrived at the same results by a different method. 


1 Gnegda. Proc. Roy. Soc. Vol. xuvm. (1889), p. 208. 

* Petri. Zeit. fur physiol. Chem. Bd. vm. 8. 294. Also in Maly’s Jahresbericht, 
Bd. xv. 88. 31, 71. 

* Udranssky. Zeit. fiir physiol. Chem. Bd. xu. 8. 3. 

Baumann. Pfliiger’s Archiv. Bd. xxrx. (1882), S. 400. 

5 Kretzschmar. Biedermann’s Centralbt. fiir Agricultur-Chem. 1882, S. 830. 

Griffiths. Chemical News. Vol. xuvut. p. 179. 

7 Hlasiwetz and Habermann. Ann. d. Chem. u. Pharm. Vol. cuix. p. 304. 
Ann. d. Chem, u. Pharm. Vol. AX. p. 150. Journ. fiir prakt. Chem. (2). Vol. vu. 
p. 397; also Anzeig. d. Wien. Akad. 1872, p. 114 and 1878 Nr. 2. 

Erlen meyer and Schiffer, Erdmann’s Journal, Vol. uxxx. (1860), p. 357. 
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Nasse originated the method of investigating proteids by heating them 
in sealed tubes with barium hydrate and found that the nitrogen of 
proteids exists in two conditions as evidenced by the fact that one part 
is in more stable combination than the remainder. The loose parts he 
thought existed as amides, another portion was combined like the 
nitrogen of creatine, while the most stable existed as acid amides. 

Schützenberger“ followed up this line of research in many 
investigations which have lasted from 1875 to the present time. First 
he confirmed Nasse’s results and found that the amount of ammonia 
and carbon dioxide given off was in the same ratio as if urea had been 
decomposed. At 200°C. no more ammonia was given and there was a 
crystalline residuum which contained urea, oxalic, acetic, aspartic, and 
glutamic acids as well as a dextrin-like body. Next by more careful 
decomposition he prepared from proteids a body which he has named 
leucine of formula x(C,H,NO,). He considered that leucine, amido- 
valeric and oxalic acids together with two bodies which he respectively 
terms proteic acid and glucoprotein to be the direct molecular decom- 
position products of proteids. He gave the formula of glucoprotein as 
COOHC,H,,, NC, H, COOH and considered it was linked to urea or to 
oxamide by one of its carboxyl groups. Bleunard* has confirmed the 
statements respecting glucoprotein by working with bromine compounds 
of proteids, while Danilewski‘ states that he has obtained from 
albumen by careful tryptic digestion a crystalline compound which 
shews both the reactions of tyrosine and inosite, he however considers 
that the carboxyl group are united to the metal calcium, since more of 
that element is found in proteid ash than could be combined with the 
contained phosphorus. 

Schiitzenberger has obtained both from proteids and gelatin 
amido acids of the acrylic series and has suggested the understated 
formula for gelatin“. 

co< N( COC, H., NHC, H., NHC, H., COOH), 
N(COC, H, NHC, H., NHC, H., COOH), 

Nasse. Chem. Centralblatt. 1878, p. 187; also Pfliiger’s Archiv (1872), Vol. v1. 
p. 589, and Vol. vir. p. 189, Vol. vim. p. 381. 

* Schiitzenberger. Bulletin de la Soc. Chim. 1875 (15th Feb. 5 Mar. and 15 
Mar.); Ibid. Vols. XXI. and xxtv.; Annales de Chim. et de Physique. 5th series. Vol. 
xvi. (1879), p. 289; Comptes Rendus. ct. p. 1267, cm. p. 289, of. p. 1407, cn. p. 189, 
(1892). For gelatin cu. p. 1296, also Schiitzenberger and Bourgeois. .xxxn. p. 
262. See Chem. Centralbt. 1875, pp. 614, 681, 648, 681, 696, 1876 p. 280, 1877 p. 181. 

* Bleunard. Comptes Rendus. Vol. xc. p. 612 and Vol. xem. p. 458. 


* Danilewski. Archives des Sciences Phys. et Natur. (Geneva, 1881), Vol. v. p. 107. 
Büchner and Curtius have however pointed out that gelatin has the same 
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He then experimented in the converse manner and synthesized 
leuceine by heating together in sealed tubes at 160°C. ethylbromide 
and the zine salts of alanine and glycocoll. Next he heated together at 
125° C. proteid decomposition products and phosphorous pentoxide and 
obtained a peptone-like body which is soluble in water but is 
precipitated by the following reagents—alcohol, mercuric chloride, 
Millon’s reagent, phosphotungstic, and phosphomolybdic acids. It 
also gives with copper sulphate and potassium hydrate a 
rose-red solution, as well as a marked xanthoproteic reaction. 
When burnt it emitted the odour characteristic of burning animal 
matter. An objection to these views has been urged that urea has not 
been obtained by chemical decomposition of proteids. The old obser- 
vations of Béchamp’ and Ritter“ that when a proteid is decomposed by 
heating with potassium permanganate it yields urea has been refuted 
by Städeler“, Löw“ and Tappeiner® and more recently by Lossen“ 
who has shewn that the body which was probably mistaken for urea 
was guanidine. 

Drechsel“ has however obtained from casein by the action of zinc 
chloride and hydrochloric acid a body termed by him lysatin which on 
boiling with baryta water yielded urea. 

From a theoretical point of view Latham‘ has assigned to proteids 
a graphic formula consisting of a benzene nucleus in which is substi- 
tuted a sulphonic group and a long chain of cyanhydrins (cyanalcohols), 
the most simple having the formula (CNOH)CH while the most 


complex has the formula C. H. C (FO). The intermediate places in 


the chain are filled up by cyanhydrins increasing in complexity from the 
lowest to the highest member of the series. He bases his opinion on 
the possible syntheses in the organism of many proteid metabolic 
products from cyanhydrins, and accounts by the means of his formula 


percentage composition as amido acrolein and may possibly be a condensation product 
of that body. (Bericht. d. deut. chem. Gesell. Vol. xtx. p. 850.) 

1 Bécamp. Ann. d. Chem. u. Pharm. Vol. c. (1856), p. 247. 

2? Ritter. Comptes Rendus. Vol. LXX. p. 866, Vol. XXIII. p. 1323. 

3 Stadeler. Jour. f. prakt. Chem. Vol. uxxtt. (1857), p. 251. 

Löw. Ibid. Vol. mt. (1871), p. 180. 

Tappeiner. Ber. k. Sichs. Gesell. 1871. 

Lossen. Ann. chem. u. Pharm. Vol. ct, (1880). 

7 Drechsel. Ber. d. d. chem. Gesell. Jahrg. xxi. (1890), p. 3096. 

® Latham. British Med. Jour. 1886, Vol. 1. p. 629 (Apr. 3 and Apr. 10), reprinted 
as Croonian Lecture by Deighton Bell and Oo. Lond. 1887, see also for formation of 
ptomaines, Lancet, 1688 (Vol. U.), p. 751. 
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for the appearance in the urine of certain pathological products notori- 
ously glucose, uric and hippuric acids, as well as certain ptomaines. 

Halliburton has remarked that this view is satisfactory in that it 
embraces the theories of Pflüger and Löw and I may add that it is in 
accord with Nasse“, Kühne“ and Salkowski‘ who agree as to the 
existence of an aromatic nucleus in proteids. 

Grimaux' found that aspartic aldehyde gave a violet tint with 
copper sulphate and potash and also that the intramolecular anhydride 
formed by heating by aspartic anhydride with urea to 125° also gave 
the same reaction. 

The most complete investigation on the colour reactions obtainable 
with caustic potash, copper sulphate with proteids and bodies of allied 
composition is due to Gnezda'. He also found that nickel sulphate 
and ammonia and potash give yellow and orange reactions respectively 
with proteids and proteoses (also peptones). Further that certain 
bodies of simpler constitution and allied to proteids give proteid-like 
colour reactions with these reagents. These bodies were—uric acid, 
xanthine, hypoxanthine, biuret, sarcosine, cyanuric and hydrocyanic 
acids. The following gave negative reactions—glyocine, leucine, tyro- 
sine, ethyl aldehyde, propyl aldehyde, valeryl aldehyde, isobutyl aldehyde, 
and benzyl aldehyde. From his observations he concludes that the 
reactions given with the sulphates of nickel and copper with proteids 
are owing to “the existence in the proteid of cyanogen” while he 
explains the different colour reactions of proteids and peptones as being 
due to a different chemical linking of the group cyanogen. The 
aromatic radicle in proteids has nothing to do with this reaction and he 
states that hydrocyanic acid approaches very near to peptone in its 
colour reactions. 

Gulkenberger’ had previously derived hydrocyanic acid, propyl 
and butyl cyanides from proteids by the oxidizing action of manganese 
dioxide and sulphuric acid. 

Grimaux* heated together amidobenzoic acid and phosphorous 
pentachloride and stated that he has obtained a substance which he 


Halliburton. Chemical Physiology, p. 117. 

* Nasse. Chem. Centralbt. Vol. x. (1879). 

Kühne. Lehrbuch der Physiol. 1859. 

* Salkowski. Zeit. fiir physiol. Chem. Vol. xn. p. 216. 
5 Grimaux. Comptes Rendus. Vol. 93 (1881), p. 771. 

* Gneada. Proc. Roy. Soc. Vol. vn. (1889), p. 202. 

Gulkenberger. Liebig’s Annalen. Bd. S. 89. 

* Grimaux. Comptes Rendus. Vol. 98 (1884), p. 281. 
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provisionally termed “colloide amidobenzoĩque and which he believed 
to be an anhydride formed by the union of several molecules of the 
acid. Upon drying it appeared as translucent yellow plates which were 
tasteless, odourless and resembled dried serum albumin. They were 
soluble in warm water, but became insoluble when heated to 100°C. 
The insoluble compound thus formed was however soluble in ammonia, 
sodium phosphate, and alkalis. It was precipitated by hydrochloric, 
acetic, oxalic, and nitric acids. The precipitate formed by acetic acid 
was soluble in excess, but gave a flocculent a on the addition 
of potassium ferrocyanide. 

The precipitate with nitric acid dissolves on heating, giving 
a yellow solution which turns orange upon the addition of an 
alkali. Excess of calcium hydrate gave a precipitate, but if 
only J; of the volume of the solution of calcium hydrate be 
added, the liquid becomes opalescent and acquires the pro- 
perty of coagulating to a thick jelly when heated. 

The coagulation commences at 50°C. when the liquid becomes 
opalescent, then it becomes milky, and finally, a coagulum is formed 
between 70 and 80°C. The temperature of coagulation varies with the 
amount of salt added. Calcium chloride, calcium sulphate, strontium 
sulphate and barium chloride all react similarly. Also large quantities 
of sulphate of sodium, acetate of sodium, or acetate of potassium, both 
retard coagulation, and antagonize the action of the lime salts, 

The “colloide amidobenzoique” is precipitated by nitrate of 
mercury, tannin, and by copper sulphate. This last precipi- 
tate is soluble in potassium hydrate giving a blue-violet 
solution. The importance of this research seems to have 
escaped physiologists, since the phenomena described as 
characterizing the Colloide amidobenzoique” are identical 
to those found by Ringer! and Sainsbury, by Arthus“ and 
Pagés, and by others“ to be the attributes of proteids. Should 
these observations be confirmed we can localize the changes 
of coagulation, and clotting in proteids to molecular changes 
of their benzene nucleus. 

Our knowledge of the aromatic portion of proteids has of late years 
been greatly advanced by the researches of Salkowski who has in- 
vestigated the significance of the xanthoproteic reaction, and those of 


1 Ringer and Sainsbury. This Journal. Vol. x1. (1890), p. 369. 
* Arthus and Pagés. Archives de Piysiologie. T. Xxu. (1890), p. 739. 
* See Halliburton’s summary in this Journal. Vol. An. (1892), p. 831—7, 
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Adamkiewiez, Millon and Liebermann. Reference to the detail of 
his work can be more conveniently delayed to the Recep portion 
of this paper to which we now pass. 


II. The Reactions of Nickel, Cobalt, and Copper, Salts 
with Proteids and Albuminoids. 


A. Positive Reactions. 

I have confirmed Gnezda’s tests with nickel sulphate and potash 
but find that the addition of ammonia to nickel sulphate in the 
absence of a proteid gives a purplish-blue solution which is but with 
difficulty distinguished from the pale blue solution given when a proteid 
is present. Addition of potash to ammoniacal nickel sulphate gives a 
blue solution which is a marked contrast to the yellow of albumins and 
the orange of peptones. Gnezda has not recorded the inorganic re- 
actions which are fundamental as a basis to compare with the organic 
ones. Considering the near chemical relationship of nickel and copper 
it occurred to me to try if those elements which are next to 
nickel and copper in Mendelejeff’s periodic scheme would give 
proteid reactions. I find that cobalt which is next to nickel in 
Mendelejeff's classification gives proteid and albuminoid re- 
actions which are even more distinctive than those yielded 
by nickel and copper. The salts of iron, manganese and zinc, which 
are the next nearest elements in the periodic classification do not 
yield distinctive proteid reactions. Therefore the colour reactions of 
proteids are not a function of the periodic law“. 

The fundamental inorganic reactions obtainable with cobalt sulphate 
and the hydroxides of ammonium and potassium are recorded in the 
following table. In each case very dilute solutions of cobalt = 
are used’. 


Ammonium hydrate | — Potassium hydrate alone 


sulphate Green solution rapid- | Solution changes to | Solution is colourless, but 
ing to yel- | blue, with a fine blue a well marked bluish 
- — i 


1 Vide Ostwald’s Outlines of General Chemistry, p. 184, for a recent account of this 
law. 
2 The most convenient strength is 1 gram cobalt sulphate to 150 c. c. of distilled 
water. 
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Since tetraethylammonium hydroxide will be used as a reagent with 
the sulphates of copper, nickel and cobalt and certain organic bodies 
I record the colour reactions obtainable from these bodies in the absence 


of proteids. 


Cobalt sulphate Ni ulphate 
9 + Potash Nickel sulphate | f. 
— — green —— tate tate 
green ing to green 
on keg | | 
Copper sulphate one 
Tetraethyl- 
ammonium Pale blue precipi- A deeper blue pre- 
less solution unchanged 


The following reactions are obtained when egg albumin is introduced. 


Cobalt sulphate | Cobalt sulphate | Cobalt sulphate | 


+ Ammonia + Potash + Potash 
albumin The previous pre 
Gives a faint ', | Heliotrope purple | Heliotrope purple 
on shaking precipitate precipitate 


Both the heliotrope solutions turn brick-red after standing 30 
or 40 minutes. If we use tetraethylammonium hydroxide in the 
place of ammonia we get with cobalt sulphate and egg albumin 
a reddish-brown solution and no precipitate. The colour remains 
permanent for several days and is unaltered by the addition of strong 
potash. 

Copper sulphate tetraethylammonium hydroxide and egg albumin 
yield a clear violet solution and no precipitate. The colour is also 
unchanged by potash. 

Nickel sulphate and tetraethylammonium hydroxide do not give a 
distinctive proteid reaction. 

Blood serum was prepared free of corpuscles by 8 722 centri- 
fugalizing and shewed the following reactions, 
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Cobalt sulphate+ Ammonis | Cobalt sulphate+ Potassium hydrate 
Serum 
ary First a port-wine colour, on excess of 


2 changed in — 


Fibrin was prepared by whipping fresh blood and was repeatedly 
washed in distilled water until white. 


Cobalt sulphate + Ammonia Cobalt sulphate + Potassium hydrate 


— a Purple changing (i.e. in 80 or 
| 


A mixture of proteoses and peptone was next prepared by dissolving 
Witte’s “ peptone” in distilled water and filtering. 


Cobalt sulphate | Cobalt sulphate Cobalt sulphate + Potash 


— 


„ peptone ”| Faint opalescence | Yellow solution and Reddish purple, rapidly changing 
increasing on precipitate probably to a red-brown. The changes 
shaking inorganic 


Grübler's and Kanthack’s preparations of “ peptone” shew the 
same reaction. The reddish-purple phase lasts a few seconds longer in 
concentrated solutions of the “ peptone” and is absent in dilute solutions. 
The red-brown is the distinctive reaction. 

With cobalt sulphate and tetraethylammonium hydroxide Witte’s 
“ peptone” yields a red-brown solution unaltered by potash. 

Copper sulphate and tetraethylammonium hydroxide gives with 
Witte’s peptone a rose-pink indistinguishable from that produced by 
potash. With nickel sulphate and the same bodies we get 


Nickel 
+ tetraethyl 


On addition of potash to 
2 or 3 mins. to an orange precipitate while — 

the solution is pale orange. 


Witte’s 


Peptone free from albumoses was prepared by saturating Witte's 
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peptone with ammonium sulphate and shaking for four hours. The 
absence of albumoses was shewn by no precipitate occurring with nitric 
acid. 


Cobalt sulphate + Ammonia Cobalt sulphate + Potash 
Peptone Pale brown solution unchanged on 
Pale yellow solution which turns . The reaction is more 
brown on the addition of potash than the copper sulphate 
reaction 


Very dilute solutions of albumen give also a pale brown with cobalt 
sulphate and potash but Wenz! having shewn that ammonium sulphate 
precipitates all proteids except peptones, this fact does not invalidate 
the value of the test for minute traces of peptone, which would be missed 
by the copper reaction, if care be taken to remove all other proteids by 
the above named method. The order of delicacy of the reagents is, 
cobalt salts, copper salts, nickel salts, 

A nucleo-albumen prepared from brain by Wooldridge’s* method 
was kindly put at my disposal by Prof. Halliburton. Nucleo-albu- 
mens were stated by Wright’ not to-give the typical violet colour with 
copper sulphate and caustic potash. I find like Halliburton‘ that 
they give both this reaction and that of Gnezda typically. They also 
give the heliotrope purple which characterizes a native proteid when 
treated with cobalt sulphate and potash. 

Acid and alkali albumen were prepared by heating egg albumen to 

35° C. for 20 minutes with a few drops of acetic acid, and potash respec- 
tively. 
Alkali albumen with cobalt sulphate and tetraethylammonium 
hydroxide gives a heliotrope purple which changes to a red-brown after 
standing 30 or 40 minutes. Addition of potash does not alter the 
reaction. 

These colour reactions distinguish in a marked manner 
native proteids from proteoses and peptone the heliotrope 
purple of the former being absolutely distinctive from the 
red-brown of the latter. 

The reactions depend entirely on the metallic portion of the salt, 


1 Wenz. Zeit. Biol. Vol. XXII. 

? Wooldridge. Du Bois Reymond’s Archiv. 1886, S. 397. 

5 A. E. Wright. Brit. Med. Jour. Sept. 19 and Dec. 19, 1891. Lancet, Feb. 27, 
Mar. 27, 1892. 

Halliburton. This Journal. Vol. un. 1892, p. 819. 
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since the acetate, sulphate, and nitrate of each of the metals gives the 
same colour reaction. 


Cobalt sulphate 
Cobalt sulphate + Ammonis Cobalt sulphate + Potash 
Acid albumen solution 
Clear yellow solu- | _,Uetottope purple 
No opalescence changing after standing 30 or 
tion and no ppt. 40 mins. to brown solation 
Cobalt sulphate Cobalt sulphate + Potash 
Violet ppt. and colourless solution. 
unlike ue produ 
sulphate. | station, 
is respect the ppt. resembles 
violet ppt. obtained by addin cobalt to s red-brown 
sulphate and ammonia to ei xan- 
thine or hypoxan 


The presence of either chloride of sodium, sulphate of sodium, or 
sulphate of ammonium does not affect the reaction. Magnesium 
sulphate, and sodiomagnesium sulphate upset the reaction. 

Pure gelatin was prepared by filtering hot gelatin into alcohol 
collecting the stringy precipitate redissolving and reprecipitating several 
times, Finally the gelatin was pressed between glass plates to rid it 
from the alcohol, was repeatedly washed and finally dissolved in distilled 
water. It shewed the following reactions. 

With nickel sulphate and ammonia it gives either no reaction or a 


faint bluish colouration which is probably inorganic. On the addition 


of potash to this solution it changes to a brilliant orange. 
With cobalt sulphate it reacts as follows : 


Cobalt sulphate | Cobalt sulphate + Ammonia + Potash 
Cobalt + Ammonia (or the ammonia) 


A 


play of with a 
Gelatin Faint green to changing to with 


yellowish green a faint blue precipitate, then to a green 
No precipitate | solution. This solution, then to a heliotrope purple, 
reaction is pro- then a brick-red and finally to a red- 
bably inorganic | brown. The first four changes occupy 
about one min., the last two 5 or 6 mins. 


It will be noted that the colour play recorded above as 
taking place with gelatin, cobalt sulph ate and potash is in the 
order of the colours of the spectrum and corresponds to the 
more stable colours obtained with proteids and peptones. 
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The colour play is also similar to those colour plays afterwards to 
be recorded as characterizing certain proteid decomposition products, 
when treated with these reagents. 


Cobalt sul tetraethyl- Cobalt sulphate + tetraethyl- 
— hydroxide ammovium hydroxide + Potash 


more 0 organic am 
gives a violet solution, excess a blue 


Gelatin with copper sulphate and tetraethylammonium hydroxide 
gives a violet solution unaltered by the addition of potash. 

A mixture of gelatinoses and gelatin-peptone (?) was obtained by the 
action of pepsin and 2% hydrochloric acid on pure gelatin at 35°C. 
for 72 hours, The solution obtained was straw-coloured and did not 
gelatinize on cooling. A similar solution was obtained by allowing 
gelatin to putrefy for 96 hours at 35°C. 

Both solutions gave a heliotrope with cobalt sulphate and potash. 
There was no play of colours. With nickel sulphate of potash they 
gave a yellow solution, from which a flocculent orange precipitate 
separates out on standing. 

From these solutions gelatin-peptone was prepared by saturating 
with ammonium sulphate and subsequent filtration. It yielded the 
same colour reaction as the mixture of gelatinoses and gelatin-peptone. 

Keratin was prepared by washing repeatedly white hair (both 
human and rabbit's) with water and alcohol. No traces of pigment 
remained. All the alcohol used in the process was removed by washing 
with distilled water. Treated with copper sulphate and potash, the 
solution becomes the typical violet, while the solid keratin changes to a 
dirty brown, probably owing to the excess of potash present. With 
nickel sulphate and potash the keratin itself becomes a brilliant orange, 
while with cobalt sulphate and potash it changes to a purple-brown 
which after standing three or four minutes becomes a red-brown. 

Elastin was prepared from ligamentum nuche, by soaking small 
pieces first in boiling water, then in 10% potash, followed by 10°/, 
acetic acid. The process occupied fourteen days during which the 
solutions were repeatedly changed. By this method the proteid and 
gelatin which is mixed with the Elastin is removed. Like Horbac- 
zewski’ I find that Elastin gives a typical reaction with copper sulphate 


1 Horbaczewski. Wien. Acad. Sitzungsbericht. 1885, 


Green tate and solution. A 
Heliotrope purple solution 
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and potash. With nickel sulphate and potash it gives a yellow solution 
which is best developed after two or three days standing. 

With cobalt sulphate and potash it gives a brown solution. 

A mixture of elastoses was prepared by digesting with pepsin and 
2°/, hydrochloric acid for seven days. It shewed a typical “biuret 
reaction” with copper sulphate and potash, an orange with nickel 
sulphate and potash, a purple-brown with cobalt sulphate and potash. 

The Colloid material in the Thyroid Gland was examined in 
thin sections cut by a freezing microtome. It yielded typical results of 
an albuminoid with the three reagents under consideration. 

Morochowetz' has stated that mucin gives with copper sulphate 
and potash a blue colouration while Gnezda working with the mucin 
of vitreous humour finds that with the same reagents it gives a violet, 
while with nickel sulphate and potash it gives a yellow solution. I have 
confirmed Gnezda’s* results with the mucin of vitreous humour, but 
have found that the most convenient source for mucin is Wharton's 
Jelly. By extracting finely minced umbilical cord with lime water and 
precipitating the mucin® with an excess of acetic acid comparatively 
large quantities of that body are obtained. The precipitate should be 
redissolved and reprecipitated until it is pure. With cobalt sulphate 
and potash it gave a brown, with nickel sulphate and potash an orange 
and with copper sulphate and potash a violet solution. If cobalt 
sulphate be added to egg albumen and the typical heliotrope-purple 
solntion be obtained, then the addition of nickel sulphate changes the 
solution to orange and the addition of copper sulphate to this solution 
changes the colour to violet. 

Therefore salts of nickel displace salts of cobalt, and these 
are again displaced by salts of copper in the proteid molecule 
each in turn yielding its typical colour reaction. Thus the 
best method for testing for a proteid is to apply the three 
reactions seriatim to the solution under examination when 
the changes of colour given will indicate its presence. In a 
similar manner the gelatin, elastin, and peptone colour re- 


1 Morochowetz. Petersburg. Med. Wochenschrift. 1878, No. 6, p. 85. 

2 Gnezda. Op. cit. p. 205. 

3 That the body obtained was a mucin was shewn by its giving Millon’s and the 
xanthoproteic reaction as well as forming a reducing substance after boiling with dilute 
sulphuric acid. According to certain observers the mucin of umbilical cord differs from 
true mucin in that it contains a higher percentage of nitrogen and of sulphur. Vide 
Wachli Journ. fiir prakt. Chem. (N. F.). Bd. xvn. (1878), S. 71, and the abstract of 
Jernstrém’s paper in Maly’s Berichte, 1880, S. 34. 
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actions with cobalt salts are displaced by nickel salts, and these 


again by copper salts yielding in turn their respective colour 
reactions. 


III. The Reactions of the Salts of Cobalt, Nickel and Copper 
with Certain Proteid Decomposition Products and Allied 
Bodies. 


Biuret which has the known chemical formula of Cor NH re- 
acts with salts of cobalts as stated below. “NH, 


Cobalt sulphate + Ammonia + Ammonia + Potash 


Play of colours commencing at the Transient violet Transient violet 
Biuret violet, rapidly changing to blue changing to blue changing to blue solu- 
then a pale claret-red solution | with a blue precipi- tion, then a fine blue 
and a green ipitate ; excess tate, and a purplish) precipitate and a 


of ammonia gives a yellow and a | solution. pre- solution. 
red-brown solution with a green | cipitate changes to ppt. changes to 
precipitate green on standing green on standing 


The copper sulphate reaction of biuret is well known as the “ Biuret 
Reaction,” while Gnezda has shewn that nickel sulphate with ammonia 
and biuret gives a blue solution which changes to orange on the addition 
of potash, in this respect giving the same colour reactions as proteids. 
Biuret yields negative results with nickel sulphate and tetraethyl- 
- ammonium hydroxide, similar negative results are given with cobalt 
sulphate and this reagent, it gives however with copper sulphate and 
the same reagent a pink solution. | 

Alloxan yields negative results with the sulphates of copper and 
nickel and the hydroxides of ammonium and potassium. With cobalt 
salts it reacts as understated. 


Cobalt sulphate 
Cobalt sulphate + Ammonia + Ammonia + Potash 


With traces of ammonia a violet 


Rose-red solution. If 
Bon. in soluble | The red solu- | the KOH is added as 


} tion becomes few drops, a violet 


—-᷑—ę- 

hours it becomes a leaden grey | | . 


— 
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>CO it being mesoxaly- 


The formula for alloxan is CO<N HCD 


lurea (Bernthsen’). 

Allantoin gives negative results with the sulphates of eopper and 
nickel and ammonia and potash, also the substitution in these reactions 
of tetraethylammonium hydroxide for potash gives negative results. 
With cobalt salts it reacts as below stated. 


Cobalt sulphate + Ammonia Cobalt sulphate + Potash 
If but a trace of potash a violet 
Allantoin presipitete, soluble in the dichtet 
then excess giving a blue sol. changing 
* pe purple, to a blue precipi which itself 
to a reddish yellow and finally a changes to green. — 
red-brown becomes rose-red 


Allantoin has according to Bernth sen“ the formula of 
NH- CH- NH 


NH- 0b NH.” 


Gnezda* found that if a little uric acid was evaporated to dryness 
on a porcelain dish with nitric acid and nickel sulphate and ammonia 
added the residuum is coloured deep yellow. If in this reaction we 
substitute cobalt sulphate for the nickel sulphate the residuum is then 
coloured a crimson-lake which changes on the addition of potash to a 
purple-lake. 

Uric acid when present in solution (as ammonium or sodium urate) 
in minute quantities on addition of a trace of cobalt sulphate gives a 
violet colouration or precipitate dependent on the quantity of uric acid 
salt present. This reaction is extremely delicate. In larger quantities 
and dissolved in ammonia it gives on the addition of sulphate of cobalt 
and a further small quantity of ammonia a dense violet precipitate with 
a pink solution which becomes redder on standing. The precipitate is 
soluble in excess of ammonia forming a pink solution which becomes 
redder on keeping. The precipitate on exposure to the atmosphere 
turns grey and after twenty-four hours assumes a pinkish-grey hue 
which remains constant indefinitely. Addition of potash to the 
solution at any part of its colour play gives a blue solution. 


1 Bernthsen. 4 Text. book of Organic Chemistry (translated by M‘Gowan), p. 282. 
2 Ibid. 288. 


® Gnezda. Loc. cit. p. 207, see also Winogradorff, Virchow’s Archiv, Bd. xxvn. 
p. 565, and Worm-Miiller, Pfliiger’s Archiv, Bd. xxv. p. 36. 
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Uric acid dissolved in potash reacts differently as shewn in the 
following table. 


Cobalt + Potash 
Cobalt sulphate + Potash g nye 


A violet oe and a colourless 
Uric Acid in con-| solution. The precipitate is soluble A 


4 


The dense violet precipitate formed by the addition of cobalt 
sulphate to uric acid dissolved in ammonia is soluble in tetraethyl- 
ammonium hydroxide giving a brown solution which turns heliotrope- 
purple on the addition of potash. 

The formula for urie acid as determined by the researches of 


NH—C=NH 
Medicus and Fischer' is CO~ 6. 500. Closely related 
NH 


to uric acid both as a katabolic product of the organism and chemically is 
. xanthine which has the following formula ascribed to it by E. Fischer’. 


NH—C=N. 
CO~ ee >CO. Xanthine and hypoxanthine have both been 


shewn by Gnezda’ to react similarly to uric acid with the sulphates of 
Nickel and Copper together with ammonia and potash; with cobalt salts 
it reacts as understated. 


1 Medicus and Fischer. Ann, d. Chem. u. Pharm. Bd. cixxv. (1875), S. 230, Ber. d. 
deutsch. chem. Gesell. 1884, 8. 328, 1785. 

2? E. Fischer. Annalen der Chem. Bd. 215, p. 253. 

Gnezda. Loc. cit. p. 207. 
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blue ppt. and a colourless P 
solution. The ppt. changes . 
to a dirty green on 
potash exposure to the changes ane 
first a deep leaden grey then it be- 
comes greenish, then a deep green, | After 
finally after 20 hrs. a paler grey whig 
is constant 
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Cobalt sulphate + Ammonia Cobalt sulphate + Potash 


With traces of ammonia a violet pre- | With traces of potash a tran- 
| cipitate soluble in more ammonia, | sient violet soluble in the 
Xanthine giving a greenish yellow sol. which ightest excess to a blue so- 

changes toa red brown. Thesolution | lution. If potash be added 
obtained by filtering off the violet pre- to the ammonia solution we 
cipitate is colourless. The * get a blue solution * 

a leaden grey on exposure to a blue itate w 

itself becomes green 


| If tetraethylammonium hydroxide is substituted in the place of 
ammonia in the cobalt reactions of xanthine we get these reactions: 


| | Cobalt sulphate + tetraethylammonium hydroxide 


. With traces of the tetraethyl onium hydroxide a violet 
} Xanthine insoluble in excess but changing blue and finall greenish w 


is added. The filtrate is colourless. tate 
on exposure to the atm — — 


} Copper sulphate and nickel sulphate yield negative results with 
i xanthine and tetraethylammonium hydroxide. 

| Hypoxanthine which differs from xanthine in having one oxygen 
‘i atom less reacts throughout like xanthine differing only in that its 
11 violet precipitate remains long permanent in the air but after seventy- 
two hours changes to a pinkish-grey which is permanent. 

Gnezda has pointed out that Cyanuric acid reacts with the 
sulphates of nickel and copper giving the same colours as are given by 
proteids with these reagents, and if Gnezda’s view that proteids 
| contain a “cyanogen radicle” be correct, we should find that cyanuric 
1 acid gives colour reactions more closely allied to those of proteids than 
are the reactions given by the bodies described above. It must how- 
ever be borne in mind in considering the reactions of cyanuric acid in 
its relation to proteid reactions, that cyanuric acid itself is liable to 
undergo intra-molecular changes forming two series of compounds, so 
that A. W. Hofmann’ has assigned two hypothetical formule for 
cyanuric acid which are 


— — — 


1A. W. Hofmann. Berichte der deutschen chem. Gesell. Vol. y. p. 2755; 
see also p. 3261. 
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and shew that its reaction may equally depend on the group CN or on 


the group CONH. In its cobalt reaction I record these agreements. 


and differences both from proteids and the allied bodies under conside- 
ration. 


Cobalt sulphate + Ammonia Cobalt sulphate + Potash 
With traces of ammonia a dense | Ifa small Wer 
violet precipitate and a marked pink 3 X 
Cyanuric solution, a little more ammonia — has a pale pink and 
acid 22 a heliotrope — still more | a colourless solution. The pi 


ink which changes to a brick- | tate’ is permanent in air. more 


exposure 9 is probably an 
green and finally grey The solution is ected 


It will be noted that the reaction with cobalt sulphate and potash 
differs markedly from all other reactions recorded. 
_ Gnezda* has shewn that the reactions given by hydrocyanic acid 

with the sulphates of copper and nickel, together with ammonia and 
potash are identical with those obtained with peptones and albumoses. 
This he deduces as evidence in favour of a cyanogen radicle in those 
bodies. Bernthsen' remarks that hydrocyanic acid sometimes reacts 
as its hypothetical isomer CS NH. Therefore we must not unreservedly 
accept the view that the similarity of the colour reactions of proteoses 
and peptone with those of hydrocyanic acid is due to a cyanogen radicle 
in the former bodies, it might just as likely be owing to an imido group. 
Further with cobalt sulphate it reacts otherwise. 


1 The precipitate when heated in platinum foil turns a brilliant blue, and finally 
carbonizes. Heated with Potassium Dichromate and sulphuric acid it evolves carbon 
dioxide. It is therefore organic. 

*Gnezda. Loc. cit. p. 208. 

* Bernthsen. 4 Tezt-book of Organic Chemistry (translated by M‘Gowan), p. 
253. 
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Cobalt sulphate Cobalt sulphate + Ammonia; Cobalt sulphate 
+ Ammonia + Potash + Potash 


acid Greenish yellow Greenish Greenish yellow 


solution solution solution 


Cobalt sulphate + tetraethyl- Cobalt sulphate + N(O,H,),0H 
+ Potash 


ammonium hy 


f 


A green precipitate soluble in exoess | A greenish yellow solution 


The above reactions differ markedly from the characteristic proteid- 
like reactions given by biuret, alloxan, allantoin, etc., which seems to 
shew that hydrocyanic is not so closely related to the proteid molecule 
as was supposed. 

Murexide was dissolved in water and the typical purplish solution 
with the reagents under consideration. It reacted as understated. 


Copper sulphate — Copper sulphate + Potash 
Murexide 
Solution became changing 
solution violet 
Nickel sulphate 
Nickel sulphate + Ammonis Nickel sulphate + Potash 
Murexide 
Solution becomes Solution becomes an with an orange hue in 
orange orange red “iy appt of the 
Cobalt sulphate n Cobalt sulphate + Potash 
Murexide 
Heliotrope purple 
Solution becomes | Solution becomes on excess of potash to a 
orange like the original violet which gets redder 


If biuret be treated with the salts of cobalt nickel and 
copper (with ammonia and potash) seriatim, we get the 
same replacement of one metal by the other in the biuret 
molecule and the same change of colours as I have recorded 
in the proteid and albuminoid molecule. 

Salts of manganese, iron, and zinc, do not give any colour reactions 
with the above-named substances, which also behave in this respect like 
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proteids and albuminoids. The reactions cited above are independent 
of the acid radicle united to the metals as they are in the proteid 
reactions. 

B. Negative Reactions. 

Aromatic proteid decomposition products and bodies of allied 
chemical composition yield negative results as tyrosine, hippuric, 
plenylacetic, benzoic, salicylic, salicylsulphonic, cholalic, taurocholic 
and glycocholic acids, phenol, indol, and skatol, I conclude that the 
reactions obtainable with the salts of copper, nickel, and 
cobalt, and proteids and albuminoids are unconnected with 
the aromatic radicle of the proteid or albuminoid. 

Similarly they do not depend on the existence of an aldehyde group 
either aromatic or fatty. 

Leucine, asparagine, and glycocine all give negative results, and 
these being the most common of the amido-acids obtainable from 
proteids it is probable that the reactions do not depend on their forma- 


tion or presence. Xanthine and hypoxanthine as previously recorded 


give typical colour reactions, but if two methyl groups are introduced 
into the xanthine molecule to form theobromine -it is found that this 
substance gives no colour reactions with the reagents under consideration, 
Caffeine (i.e. trimethylxanthine) also does not react. This shews that a 
comparatively small difference in the molecule from that of a proteid 
katabolic product prevents the proteid-like reactions of the body. 

Lossen' has found guanidin amongst the oxidation products of 
proteids. This body has the formula NH = C(NH,), (Bernthsen’) and 
gives negative reactions, so also creatine of formula 


AN 
HN = CCN - CH,COOH 
which is well known as occurring in muscular tissue. Inspection of 
these formulae shews that the reaction does not depend on 
the imido group alone. | 


IV. On the significance of the preceding Observations. 


There is little doubt that the colour reactions produced with proteids 
and the salts of cobalt, nickel, and copper, depend on the grouping of 
the nitrogen in the proteid molecule. The reactions were thought by 
Gnezda‘* to depend on the radicle cyanogen which as seen in the 


1 Op. eit. 
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historical summary was thought by Pfluger“ to characterize living 
protoplasm. Now Gnezda’s experiments were all made on non living 


proteids, hence there is a marked divergence between these two observers. 


Gnezda”* bases his opinion chiefly on the fact that cyanuric acid gives 
with nickel and copper salts the same colour reactions as are obtained 
with peptones and albumoses. Examined with cobalt sulphate and 
potash it will be noted that cyanuric acid differs markedly from proteids 
in its colour reactions, while its resemblance to a proteid in its copper 
and nickel reactions may be possibly accounted for by its undergoing 
tautomeric change as mentioned previously. With hydrocyanic acid and 
cobalt salts only inorganic reactions have been obtained, which again 
point away from a cyanogen radicle in proteids. Returning to Pfltiger’s 
view it will be noticed that the amidogen group occurs in both biuret 
and allantoin which give colour play reactions similar to those obtained 
with gelatin and cobalt salts. 

It will be noticed that where the colour plays are deficient in certain 
portions of the spectrum, they still remain in spectral order, and cor- 
respond to the more permanent colour tints given by different proteids. 
The closest resemblance in colour reactions is between gelatin and biuret 
xanthine, alloxan, and allantoin. Inspection of the formule of these 
bodies shews that they all contain the group (CONH), and it seems not 
improbable that the colour reactions given by proteids and 
albuminoids with the salts of cobalt, nickel and copper may 
depend on the molecular group (CONH). The term biuret re- 
action has recently become restricted to pink colour with copper and 
potash proteoses and peptone. This term seems to be too narrow in its 
application since the colour play given by biuret with cobalt salts more 
resembles that yielded by the albuminoid gelatin than that given with 
peptone. 

On account of the generic position of biuret in all the reactions 
yielded with the metals under consideration and proteid katabolic 
products I would venture to suggest that the term “biuret reaction” 
should only be used in a generic sense. 

The copper-proteid reaction might be known as the ionoproteic 
reaction (from the Greek tov=a violet) while the rose-red peptone reaction 
now known as the biuret reaction could be termed the rhodoproteic 
reaction (from the Greek jddov=a rose). The view put forward by 
Latham that proteids contain the group (CNOH) is not at variance 
with the theory ventured above, since the extremely unstable nature of 


1 Op. cit. 2 Op. cit. p. 277. 
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cyanhydrins and the known tautomeric’ changes of this chemical group 
would make it probable that in many of their reactions they would play 
the rale of (CONH); and besides, since Latham’s theory is based on 
percentage calculations, his results are as applicable to my hypothesis as 
his own. Interesting results may accrue from the application of the 
nickel and cobalt tests to the peptone-like body that has been recently 
prepared by Schiitzenberger. - 


V. On the significance of the Reactions of Liebermann, 
Adamkiewicz, and Millon. 


(a) Liebermann’s Reaction’ which is performed by precipitating 
albumen with alcohol and washing the precipitate with alcohol and 
ether and then heating it with strong hydrocloric acid, when a fine blue 
colour is developed. Würster“ pointed out that the colour is intensified 
by the addition of a few drops of sulphuric acid. 

Le Nobel* states that the reaction is not given by pure peptone. 
Bodies of the ureid series of proteid katabolic products like uric acid, 
xanthine, hypoxanthine, alloxan, do not give the reaction. The same 
applies to tyrosine, leucine, phenol, skatole, salicylic and salicylsulphonic 
acids. The last two bodies were experimented with since many observers 
agree in pointing to a hydroxy-benzoic group in proteids. Salkowski* 
goes so far as to state that Liebermann’s reaction is not yielded by 
any of the aromatic members of the putrefaction products of albumen. 
It will be seen from the above that as far as I have experimented 
a similar negative result has been obtained. Indole (of Merck’s manu- 
facture) however gives a rose-red tint which was distinct from the blue 
given by proteids. 

(6) Adamkiewicz’ Reaction‘, which can be intensified by adding 
a crystal of potassium nitrite to the sulphuric and acetic acid used in 
performing the test, has been shewn by Salkowski to be only given by 
those putrefactive derivatives of albumen which belong to the indole 
group. I can fully confirm Salkowski’s results since indole and skatole 


1 Thus simple variations of pressures and temperature give us C, O, (NC, H,), normal 
cyanuric ether and C, O, (NC, H,), tricarbimido ether (Bernthsen, op. cit. p. 259). 

* Liebermann. Maly’s Jakresb. Bd. xvm. 8. 8, and Chem. Centralbt. 1877, 
8. 600. 

* Wiirster. Maly’s Jahresb. vin. 

Le Nobel. 8. 31. 

5 Salkowski. Loc. eit. p. 215. 

* Adamkiewicz. Ber. d. deut. chem, Gesell. Bd. vin. S. 761. 
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give the reaction typically while the following bodies yield negative 
results—allantoin, xanthine, hypoxanthine, alloxan, biuret, leucine, gly- 
cocine, hippuric, cyanuric, hydrocyanic, and benzoic acids, as well as 
tyrosine. 

It is therefore probable that the Adamkiewicz’ reaction of pro- 
teids is due to the aromatic portion of those bodies, but more we cannot 


say, since the glacial acetic acid and the sulphuric acid must considerably 


change the proteid molecule, while its appearance as a putrefaction 
product associated with certain micro-organisms (Harris and Tooth’) 
renders it probable that indole and skatole are not simply broken 
off from the proteid molecule, but have undergone changes in being so 
severed, 

(e) Millon’s reaction“ which was thought by Kühne“ to be due 
to tyrosiné. Kühne and Chittenden* have found that the anti- 
products of digestion which do not yield on further digestion, or on 
decomposition with sulphuric acid either leucine or tyrosine, do not give 
this reaction. Salkowski“ also believes the reaction to be due to 
tyrosine. Nasse“ has however stated that Millon’s reaction is due to 
benzene derivatives in which one hydrogen atom has been substituted 
by hydroxyl. Schützenberger“ has found that leucine and tyrosine 
are absent from the putrefaction products of gelatin. Salkowski has 
declared that gelatin does not react with Millon’s reagent, but 
Chittenden and Solley® have recently found the product of 
gelatin digestion which corresponds to antialbuminid to yield a cha- 
racteristic reaction. | 

Millon in his original memoir published in 1849 stated that gelatin 
gave his reaction, and I have found that pure gelatin and gelatinoses 
prepared therefrom give the reaction in a marked manner. 
Thus we have albuminoids from which tyrosine is unobtainable giving 
Millon’s reaction. 


1 Harris and Tooth. This Journal. Vol. r. 
2 Millon. Comptes Rendus. T. xxvim. (1869), p. 40. 


Kühne. Zeit. Gesammt. Natur. (Halle), A. S. 506. Virchow’s Archiv, Bd. 
xxxix. S. 180. 


Kühne and Chittenden. eit. Biol. Bd. xn. 8, 428. 


® Salkowski. Zeit. fiir physiol. Chem. Bd. xu. 8.215. Berlin. Klin. Nock. (1885), 
Hft. 2. 


Nasse. Chem, Centralblatt. Bd. x. (1879). 


’ Schiitzenberger. Article in Wurtz’ Dictionnaire de Chim. (1886), Supplement 
1—A— p. 58, 


® Chittenden and Solley. This Journal. Vol. xn. p. 28. 
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Dealing now with proteid decomposition products and allied bodies, 
I have like Nasse found that bodies which contain one hydroxyl in a 
benzene nucleus give the reaction. 

Thus tyrosine, salicylic, salicylsulphonic acid and phenol react typi- 
cally while benzoic and phenyl acetic acids which contain the aromatic 
but not the hydroxyl group give negative reactions. Indole yields 
a terra-cotta coloured precipitate and a yellow solution; skatole an 
orange coloured precipitate and a yellow solution. Bodies of the nitrogen 
group of proteid katabolic products such as—creatine, asparagine, alloxan, 
allantoin, biuret, xanthine, hypoxanthine, pure leucine, glycocine, uric, 
hippuric, hydrocyanic and cyanuric acids, all give negative results. The 
introduction of a second hydroxyl group into the molecule as in pyro- 
gallol also prevents the reaction. Millon's reaction in the case of 
proteids is therefore doubtless due to an aromatic radicle, but whether 
it is owing to tyrosine must be left sub judice. The researches of 
Corvisart“, Kühne“, and Sheridan-Lea’, who have proved tyrosine 
to be a normal product of proteid digestion, go a long way to shew that 
a tyrosine-like radicle occurs in proteids; and a possible reconciliation 
of the views of Kiihne and Nasse may be found in the fact 
that tyrosine itself owes its own Millon’s reaction to its hy- 
droxybenzene nucleus since amido acids do not give the re- 
action. Gelatin though it does not contain a tyrosine radicle probably 
contains a hydroxybenzene nucleus and hence its reaction. 


VI. The Xanthoproteic Reaction. 


If the so-called xanthoproteic acid which is formed by the addition 
of ammonia to albumen that has been heated with nitric acid be tested 
by Millon’s reaction we get the ordinary change to red but with the 
other proteid tests, viz., those of Adamkiewicz, of Liebermann, of 
Piotrowski, of Gnezda, and with salts of cobalt and the hydroxides of 
ammonium and potassium only negative results are obtained. 
The filtrate also obtained in performing the xanthoproteic test gave the 
same results and further was not precipitated by a saturated solution of 
salicylsulphonic acid. 

O. Loew“ has urged that the orange precipitate consists of a mixture 


1 Corvisart. Gaz. hebdomadaire. T. rv. (1857), Nos. 15, 16, and 17. 
2 Ibid. p. 180. 

3 Sheridan-Lea. This Journal. Vol. xt. (1890), p. 244. 

Loew. Journ. fur prakt. Chem. Series 11. Vol. m1. p. 180. 


— 
* 
1 
4 


372 J. W. PICKERING. 


of oxynitro, tri-nitro, hexanitro, and hexamidoalbumin sulphonic acid. 
From the above observations I conclude that the proteid in per- 
forming the xanthoproteic test has become so altered that to term it a 
nitroalbumin etc. is a misnomer, 

Salkowski’ has shewn that those products of the putrefaction of 
proteids which are allied to indole and phenol give the xanthoproteic 
reaction. 

The following bodies I find to give the reaction, salicylic acid, salicyl- 
sulphonic acid, phenol, cholesterin, cholalic acid, taurocholalic acid. The 
last three bodies evolve nitrous fumes when heated with nitric acid. 

The following bodies yield negative results, glycollic acid, creatine, 
xanthin, hypoxanthine, all giving pale green solutions, skatol and hydro- 
cyanic acid a pale yellow solution, phenyl-acetic gives a colourless 
solution, while allantoin, biuret and benzoic acid give greenish-yellow 
colourations. 

Pure leucine gives a negative reaction but this body often contains 
tyrosine as an impurity when the reaction is given in a marked manner. 

Cyanuric acid gives the yellow on boiling with nitric acid but the 
yellow remains unchanged on addition of ammonia. Pyrogallol also 
gives the yellow with bojling nitric acid but forms a brown solution on 
addition of ammonia, shewing that the introduction of a second hydroxyl 
group into the benzene nucleus prevents the reaction. Indole gives 
a yellow with hot nitric acid but on addition of ammonia the solution 
becomes rose-red which changes on excess of ammonia back to a yellow. 

From the above observations it will be noticed that those bodies 
which have a benzene nucleus with one hydrogen substituted by 
hydroxyl give the xanthoproteic reaction and that those bodies which 
contain a benzene nucleus without the hydroxyl as in phenyl-acetic, and 
benzoic acids do not give the reaction. Hence it is not improbable that 
the xanthoproteic reaction of proteids and cholalic acid de- 
pends on the existence of an hydroxybenzene nucleus. 


VII. The Sulphomolybdic Reaction. 


Fröhde“ found that a solid proteid when heated with sulphuric and 
molybdic acids gives a brilliant blue precipitate. I have noted that the 
blue precipitate forms on heating a brilliant green solution. The pre- 
cipitate is also soluble in ammonia and deposits a white crystalline 


1 Salkowski. Zeit. fur physiol. Chem. XII. p. 215. 
2 Fröhde. Annalen der Chem. u. Pharm. Vol. cxuv. p. 376. 
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precipitate when potassium hydrate is added to the ammoniacal solu- 
tion. 

Tyrosine and salicylic acid give blue and violet precipitates respec- 
tively but form yellow solutions on the addition of ammonia and deposit 
yellow crystalline precipitates on the addition of potassium hydrate, 
allantoin, creatine, benzoic, cyanuric, and phenyl-acetic acids react in 
every way like albumin. Biuret however gives a negative reaction. 
Leucine, guanidine, hypoxanthine and glycocoll all give the blue 
reaction. 

The above experiments shew that bodies both of the aromatic 
and ureid groups give the sulphomolybdic reaction which 
therefore cannot by this method be localized to any particular molecular 
group. Since bile salts give the reaction it becomes inaccurate when 
used as has been suggested as test for albumin in the urine. 


VIII. The Saliphonic Reaction. 


Roch’ suggested the use of salicylsulphonic acid as a test for albu- 
mins. McWilliam’ independently discovered the reaction and has 
pointed out: (a) That it precipitates out all the proteid from the solu- 
tion to which it is added. (8) That it reacts with all classes of proteids. 
(y) That with albumins and globulins the precipitate coagulates on 
heating while with proteoses the precipitate disappears on heating and 
reappears on cooling. (8) That even peptone can be precipitated from 
a solution saturated with ammonium sulphate. The reaction has 
the disadvantage that the precipitate is white and until all 
bodies that might occur in a pathological urine have been 
tried cannot be elevated to an absolute test for albumin in 
the urine. Since the reaction is extremely delicate it is of practical 


importance to make the test indisputable, and this becomes more 


necessary since the remaining tests for proteids are liable to react with 
substances other than albumins. The following modification of the test 
may enhance its accuracy. The precipitate obtained from the solution 
after the addition of the salicylsulphonic acid should be repeatedly 
washed with distilled water to remove all traces of the acid itself. The 
precipitate then shews the following reactions“: 

1 Roch. Pharm. Centralhalle, 1889 (Sept. 19th), p. 549. 

2 Me William. British Medical Journal, 1891. Vol. 1. p. 837, also 1891, Vol. 2. 

% Salicylsulphonic acid itself does not react with the tests of Liebermann and 


Adamkiewicz. With copper sulphate and potassium hydrate it gives a brilliant green 


solution while with the nickel sulphate and cobalt sulphate tests it gives negative 
reactions, 
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(1) Turns yellow on heating with nitric acid, changing to orange on 
the addition of ammonia. 

(2) Treated with alcohol and ether, and then heated with strong 
hydrochloric acid it turns a brilliant blue (Liebermann’s reaction). 

(3) Dissolves in glacial acetic acid and on the addition of a few 
drops of sulphuric acid yields a fluorescent violet (Adamkiewicz 
reaction). 

(4) With copper sulphate and potash gives the * violet. 

(5) It gives Millon’s reaction typically. 

(6) It gives the typical yellow with nickel sulphate and potash. 

(7) It gives a typical purple-brown with cobalt sulphate and 
potash. 

The precipitate given by salicylsulphonic acid therefore 
yields all the chief colour reactions of a proteid precipitate. 

Mucin as has been pointed out by McWilliam might be confused 
in a urine analysis with a proteid, since that body is precipitated by 
salicylsulphonic acid. McWilliam relies on the physical peculiarities of 
mucin as a safeguard against this confusion. This however in the hands 
of an inexpert observer might lead to error. Mucin moreover as shewn 
by Gnezda and corroborated in this paper gives a typical reaction with 
salts of copper and nickel. It also gives all the other reactions cited 
above. All doubt is however obviated by boiling a small portion of the 
precipitate with dilute sulphuric acid, and testing its reducing properties 
with Fehling’s solution. 

Salicylsulphonic acid precipitates gelatin, the precipitate disappears 
on heating and reappears on cooling in this respect resembling a proteose, 
but on further cooling gelatinization sets in, shewing that gelatin like a 
proteid undergoes comparatively little change when precipitated by 
salicylsulphonic acid. Elastoses are precipitated by salicylsulphonic 
acid, the precipitate disappears on heating and reappears on cooling. 

The following bodies related to proteids are not precipitated by 
saturated salicylsulphonic acid—alloxan, biuret, indol, skatol, phenyl- 
acetic acid, uric, glycollic, cholalic, pure glycocholic and taurocholic 
acids. 

I have therefore failed to find any body related to proteids or albu- 
minoids that is precipitated by salicylsulphonic acid. 


1 Commercial preparations of bile salts contain mucin and therefore precipitate salicyl- 
sulphonic acid. 
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IX. On Certain Albuminoid Reactions. 


We may here mention certain reactions which were incidentally 
obtained in working out the preceding tests. 

Salkowski’ has recorded his opinion that gelatin gives a yellowish 
tint with the reaction of Adamkiewicz, a colourless reaction with 
Millon’s reagent and a yellow with the xanthoproteic reaction. Pure 
gelatin prepared by the method previously described from Baird and 
Tatlock's best French Gelatin gives a typical xanthoproteic reaction and 
an equally characteristic Millon’s reaction. Similarly a mixture of 
gelatinoses and gelatin peptone gives both reactions. With the Adam- 
kiewicz reaction I get the same results as Salkowski. Gelatin in 
the solid state yields a marked blue when heated with molybdic and 
sulphuric acids. It does not give either Liebermann’s or Schiiltze’s 
reaction. Pure gelatin, as stated by Hofmeister“ but recently doubted 
by certain physiological chemists, gives no precipitate with mercuric 
chloride. It however gives the precipitate if contaminated with a trace 
of a proteid. 

Elastoses are precipitated by mercuric chloride. 

Keratin prepared as previously stated yields all the typical albumi- 
noid reactions ina marked manner. From the preceding observations 
I conclude that gelatin differs in its reactions from a proteid more than 
any of the other albuminoids examined and from its colour play 
contains a more unstable group than is present in the other albuminoids. 
Since this colour play is destroyed on the gelatin being converted into 
gelatin-peptone it is not improbable that the chemical difference between 
gelatin and gelatin-peptone is a difference of this molecular group. This 
is in accord with the view expressed long ago by Brücke“. Gelatin 
in common with the other albuminoids on account of its giving the 
xanthoproteic and Millon’s reaction may possibly contain a hydroxy- 
benzene nucleus. 


X. On Krasser’s Reaction. 


Krasser“ found that alloxan in solution stains proteid matter 
a brilliant red. In alcoholic solution he also found that it changed the 
colour of aspargin, aspartic acid and tyrosine to a red. He concluded 


1 Salkowski. Berlin Hin. Woch. 1885, No. 2. 

2 Hofmeister. Zeit. fur physiol. Chem. Bd. u. S. 299. 

3 Brücke. Loc. eit. 

Krasser. Monat. far Chem. Bd. vn. 8. 678, and Maly’s Jahresb. Bd. Xvi. S. 1. 
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that it probably colours red all bodies that contain the molecular group 
CH, — CH(NH,). COOH. 

I find in confirmation that it colours typically dried albumen, fibrin, 
gelatin, keratin, elastin and mucin. 

Amongst proteid decomposition products and allied bodies I find 
that xanthine, hypoxanthine, allantoin, cyanuric acid, theobromine and 
skatol all yield negative reactions, phenol yields a red-brown only after 
prolonged boiling. Tyrosine and metaamidobenzoic acid yield red-brown 
solution, glycollic acid gives a brilliant magenta, while aspartic acid 
gives the typical red. 

It may therefore be possible that the reaction is connected with the 


presence of amido groups. 
XI. On Certain Reducing Reactions. 


The property of certain tissues reducing chloride of gold in the 
presence of formic and other acids, has long been known and used in 
histological processes. Axenfeld has investigated this reaction from 
the point of view of a physiological chemist. He found that albuminous 
substances when heated with auric chloride and formic acid become 
blue, gas being at the same time given off. I can confirm this state- 
ment and add that proteoses give a reddish-violet which is distinct from 
the blue given by albumen. Gelatin gives the blue reaction typically. 
With keratin the solution becomes blue while the undissolved fibres 
turn red-brown. 

All these bodies if the heating be ene for five or 
six minutes at the boiling point reduce the auric chloride 
so that a mirror of gold lines the test tube. 

Axenfeld' stated that glucose, starch, creatine, urea and uric acid 
give a violet, while leucine and tyrosine a blue with these reagents. 

Indole also gives the violet and alloxan the blue. Skatol immedi- 
ately reduces the chloride of gold which * the others do in prolonged 
heating giving the gold mirror. 

The large number of bodies which yield this reaction makes it 
valueless as a chemical test for albumen, and also prevents us determin- 
ing to what group, if any, the proteid reaction is due. 

It also warns us to accept with caution the statements that certain 
groups have been identified in protoplasm by the means of reducing 


1 Axenfeld. Maly’s Jahresb. Bd. 158. 27. 
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The statement that an aldehyde group’ exists in living vegetable 
protoplasm is based upon the reductions obtained as cited in Section I. 
by Loew and Bokorny. I have tried with living nitella which shews 
“streaming protoplasmic movements” typically (and thus gives an 
indication of the activity of its life processes) the fuchsine reaction for 
an aldehyde group which was performed thus:—A dilute solution of 
fuchsine was completely decolorized by sulphurous acid, and into this 
solution pieces of nitella were dropped and watched for several hours 
under the microscope. The streaming movements of the protoplasm 
continued for a considerable period but no colouration was observed. 


XII. The Reactions of Proteid Precipitates. 


Hugo Winternitz* has tested the colour reactions given by the 
precipitate produced by the addition of acetic acid and potassium ferro- 
cyanide to a proteid. He found the precipitate gave the xantho- 
proteic reaction and those of Millon, Adamkiewicz, Liebermann 
and Schültze. It did not give Fréhde’s sulphomolybdic reaction. 
Winternitz does not appear to have tried the reactions of the 
precipitate with the salts of copper and nickel, and since the previous 
portion of this paper has shewn that many aromatic bodies other than 
proteids give the reactions above cited as conclusive for a proteid it is 
necessary to further test the precipitate. The precipitate is washed 
repeatedly till all traces of the precipitant are removed. It then shews 
the typical colour reactions when treated with sulphates of copper, 
cobalt and nickel together with potash. 

From these observations I conclude that a proteid on 
being precipitated by acetic acid and potassium ferrocyanide 
is but little changed and in all probability retains a hydroxy- 
benzene nucleus and a (CONH) group in its molecule. 

Since Winternitz has shewn this reaction to be extremely 
delicate and the above observations remove any danger of 
confusion with other substances this test becomes of great 
practical value in urine analysis. 

If the precipitate is washed free of all traces of precipitant (copper 
sulphate being used as an indicator) the residue from burning contains 

1 For this aldehyde test see Schiff, Caro. Bericht d. deut. chem. Gesell, Bd. xm. 
S. 23438. 

2 Winternitz. Zeit. fiir physiol. Chem. Vol. xvi. p. 439, abstract in the Journal of 


the Chem. Society, 1892, p. 1086. For the delicacy of WWW 
Chem. Vol. xv., and an abstract in Chem. Soc. Jour. 1891. 
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iron, shewing that the precipitate is due to chemical combination and 
not merely a coagulum like that formed on heating. 

Witte’s “peptone” when precipitated by this reagent shews the 
typical albumin colour reaction. 

Foster“ states that mercuric chloride’, silver nitrate and lead 
acetate, all precipitate albumin forming insoluble compounds of variable 
composition with it. The precipitate may be removed by sulphuretted 
hydrogen and the albumin again obtained apparently unaltered in 
solution. Bearing this statement in mind I have tested the colour 
reactions in the so-called metallic albuminates. 

The precipitate formed by addition of copper sulphate having been 
washed until all traces of the precipitant were removed (potassium ferro- 
cyanide being the indicator) shewed the following reactions typically (1) 
Millon’s, (2) xantho-proteic, (3) on the addition of copper sulphate 
and KHO the typical violet. This violet cannot be displaced by the 
addition of large quantities of either nickel sulphate or copper sulphate. 

Similarly the precipitates obtained with silver nitrate lead acetate 
phosphotungstic and phosphomolybdic acids all yield the typical colour 
reactions with each of the proteid testing reagents. 

It is therefore not improbable that the metal does not combine 
with either the hydroxy group in the benzene nucleus, or with the 
nitrogen group to which the copper, cobalt and nickel reactions are due. 


XIII. The experiments of Grimaux on coagulation’. 


Before I was aware of Grimaux’s work (see p. 352) I thought that 
the sulphonic group which has been demonstrated in proteids by Loew 
might not be unconnected with the changes of coagulation since it has 
a marked affinity for the metals of the calcium group, but Ringer“ has 

shewn that calcium chloride has no coagulating effect on gelatin, while 
the older view of Hofmeister“ that gelatin contains no sulphur has 
been negatived by the analyses of Gorup-Besanez‘ and of Chitten- 


Foster. A Text- book of Physiology, 4 ed. p. 708. 

If mercuric chloride is used as a test for albumen in urine it is particularly necessary 
to apply the colour test as suggested, since Greene (Brit. Med. Jour. 10th May 1879), 
and Johnson (Proc. Roy. Soc. Vol. XLII. p. 499), have emphasised the fact that normal 
urine yields a precipitate with mercuric chloride. 

Loc. eit. 

* Ringer. This Journal. Vol. zu. p. 390, (1891). 

Hofmeister. Zeit. fiir physiol. Chem. Vol. u. p. 299. 

e Gorup-Besanez. Lehrbuch der physiologischen Chem. (3rd ed.), 1874, p. 150. 
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den“. Therefore it would appear that the presence of a sulphonic 
group in the proteid molecule does not determine its power of 
coagulation. 

The researches of Nencki*, Séeretan“, and Weyl“ have shewn 
that indole and skatole are not found in the putrefaction products of 
gelatin, while Schiitzenberger® has pointed out that tyrosine is also 
absent. These observations shew that the aromatic portion of gelatin 
(which is demonstrated by its yielding Millon’s and the xanthoproteic 
reaction) differs in its arrangement from the aromatic portion of 


If the statements of Grimaux could be substantiated that the 
power of coagulation is a property of an intra-molecular anhydride of 
amido-benzoic acid, and as the properties assigned by him to that body 
coincide with those since described by many observers as characterizing 
proteids, we might conclude that the coagulation of proteids was 
intimately associated with their aromatic nucleus. 

Unfortunately Grimaux has given but meagre details of his 
experiments, he does not state at what temperature the synthesis was 
carried out. 

Amido-benzoic acid itself gives no reaction with copper sulphate 
and potash, it gives an orange with Millon’s test and a pale yellow 
with xanthoproteic reaction. It does not clot or coagulate when 
heated with afew drops of calcium chloride. 

When amido-benzoic acid is heated with phosphorous pentachloride 
(as Grimaux directs) to a temperature“ of 125°C. by an oil bath for 
three or four hours a flaky substance which is not unlike dried albumin 
in its physical properties is formed. It becomes insoluble in water at 
100°C. and as Grimaux bas stated is soluble in ammonia. 

Grimaux states that this solution when it has a few drops of calcic 
chloride added to it does not coagulate alone but coagulates on heating. 
Now any phosphorous pentachloride that may have been unchanged in 
the synthetic reaction, would when brought in contact with water form 
phosphoric and hydrochloric acids, and the addition of calcic chloride to 


1 Chittenden and Solley. This Journal. Vol. xu. p. 23. 

2 Nencki. Jahresb. Thierch. 1876, p. 31. 

3 Sécretan. Archives des Sciences de la biblioth?que universelle de Geneve, 1876. 

Weyl. Zeit. fiir physiol. Chem. Vol. 1. p. 339. 

5 Schiitzenberger. Article “ Albuminoids” in Wurtz’ Dictionnaire de Chim. Supplé- 
ment. Vol. 1. p. 58. 

This temperature was chosen because Schiitzenberger’s synthetic experiments 
were carried out at this heat. 
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the ammoniacal solution would produce a white flaky precipitate of 
calcium phosphate which looks extremely like a proteid coagulum’. It 
therefore devolves upon Grimaux to shew that he has removed all 
phosphates from his solutions which in the short account of his 
experiments published in the Comptes Rendus he has neglected to do. 
Until he has done this, his observations are open to doubt. A detailed 
account of the experiments would therefore be valuable. 

I can however confirm Grimaux’s statement that the “Colloide 


| amidobenzoique gives a blue-violet solution with copper sulphate and 


potash. With Gnezda’s reaction it gives a pale yellow, and with 


cobalt sulphate and potash a purple-brown, changing rapidly to a red- 
brown. 


XIV. Summary of Chief Results. 


1. The preceding observations tend to shew, that excepting 
Fréhde’s and Axenfeld’s reactions, each of the characteristic proteid 
tests examined corresponds to changes set up in definite molecular 
groups in the proteid molecule, 

2. That cobalt salts and potash give delicate and distinctive colour 
reactions with proteids, proteoses, and peptones (proteid = heliotrope 
purple ; proteoses, and peptone = red brown). 

8. That characteristic colour reactions are given with cobalt sul- 
phate, caustic potash and the following albuminoids, gelatin, keratin, 
elastin, colloid substance of the thyroid gland, and mucin. 

4. That the same reagents give colour reactions with nitrogen 
katabolic compounds and certain bodies of allied chemical constitution, 
e.g.—biuret, alloxan, uric acid, xanthine, hypoxanthine and murexide. 

5. That the colour plays obtained with gelatin are in the same 


spectral order as the colour plays obtained with alloxan, biuret, and 


allantoin. 

6. That it is not improbable that the colour reactions of proteids, 
albuminoids, proteoses, and peptones, with the salts of cobalt, nickel and 
copper together with potash are due to the chemical group (CONH) 
common to the former bodies, 

7. That it is not improbable that the difference between a proteid 


The resemblance in physical property to albumen is so great that it has been 
substituted for that body in certain technical processes, 
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and a peptone, is a difference in the atomic arrangement of this 
(CONH) group. 

8. That when a cobalt salt has entered into the proteid molecule, 
it can be easily displaced by a nickel salt and the nickel salt by a 
copper salt, each in turn yielding its characteristic colour reactions. 

9. That cobalt sulphate is a more delicate reagent for proteid test- 
ing than either nickel sulphate or copper sulphate. 

10. That the colour reactions given by metallic salts and potash 
with proteids and allied bodies, are not a function of the “ periodic law.” 

11. That the chief proteid precipitates, e.g. those formed by the 
addition of mercuric chloride, silver nitrate, salicylsulphonic, phos- 
photungstic and phosphomolybdic acids yield typical proteid colour 
reactions. 

12. That nucleoalbumins behave as ordinary proteids and not as 
peptones in all their colour reactions. 

13. That further examination of the precipitates given by certain 
reagents commonly used in testing urine for albumen is desirable to 
avoid the confusion of a foreign body with albumen. 

14. That the colour tests should be applied to the precipitates 
given in Winternitz’ and Mac William's tests, in which case it is 
difficult to mistake any other substance for albumen. 

15. That the xanthoproteic reaction probably eg on a hydroxy- 
benzene nucleus in the proteid molecule. 

16. That Millon's reaction probably depends on the same 

“ nucleus.” 

17. That the reactions of Liebermann and of Adamkiewicz 
probably depend upon the aromatic portion of the proteid molecule. 

18. That Krasser’s reaction may depend on an amido group 
present in proteids and albuminoids. That no evidence has been found 
against Krasser’s views on this matter. 

19. That a negative result was obtained with the fuchsine aldehyde 
test and living vegetable protoplasm. 

20. That when meta-amidobenzoic acid is heated with phosphorous 
pentachloride it yields a substance which gives colour reactions with 
salts of cobalt, nickel and copper which are very similar to the colour 
reactions of proteids. 

21. That the experiments of Grimaux seen in the light of recent 
researches on the relationship of the alkaline earths and the coagulation 
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of proteids would if substantiated throw considerable light on the 
molecular mechanism of coagulation. 

I hope in a subsequent paper to investigate in a similar manner the 
colour reactions of Riechl, Michailoff and Petri. 

In conclusion it is my very pleasant duty to record my best thanks 
to Prof. Halliburton for the help, advice and kindly criticism, which he 
has constantly given me throughout my work. 


Jan. 14, 1898. 
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OBSERVATIONS ON THE PHYSIOLOGY OF THE 
EMBRYONIC HEART. By JOHN W. PICKERING, 
B.Sc. (Lond.), Assistant Demonstrator in Biology at St Bartho- 
lomew’s Medical School. (Plate XXIV.) 


(From the Physiological Laboratory of King’s College, London) 


THE attention of physiologists has for many years been directed to 
the discussion of the relative importance of the nervous and muscular 
mechanisms which control the rhythm and automatism of the heart. 
The classical researches of Stannius'’, Harnack“ and Schmiedeberg“ 
emphasised the importance of the nervous elements, while Meruno- 
wicz*, Bowditch’, Foster“, Roy’ and Gaskell' have advanced our 
knowledge of the muscular system. In a previous paper’ I have 
pointed out that the embryonic heart of the chick between the ages of 
60 and 75 hours, owing to the absence of nervous elements, presents us 
with a convenient method of differentiating the functions of cardiac 
contractile tissue from the nerves which supply it. 

The most important experiments on the same line of research are 
those of Gaskell, who worked with the “apex” of batrachian and chelo- 
nian hearts, since ganglia are absent from this portion of the heart. In 
considering the results of my observations in the relation to the experi- 
ments on the apex of the heart it must not be forgotten that the apex 


1 Stannius. Muller's Archiv, 1852. 8. 95. 


* Harnack. Die Bedeutung pharmakologischer Thatsachen fiir die Physiologie des 
Froschherzens. Halle, 1881. 

? Schmiedeberg*. Ludwig’s Arbeiten, 1870. S. 41. 

* Bowditch*. Ludwig's Arbeiten. Bd. v1. (1872), S. 139. 

5 Merunowicz*. Ludwig's Arbeiten. Bd. (1875), S. 132. 

Foster“. Pfliiger’s Archiv. Bd. v. 8.191. Proc. Roy. Soc. Vol. XXIII. p. 318. 

7 Roy“. This Journal. Vol. 1. p. 496. 

8 Gaskell*. This Journal. Vol. m1. p. 108. 

Proc. Roy. Soc. Vol. Ln. (1893), p. 461. 


* Other papers cited in the body of the paper. 
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is the least differentiated portion of that organ, and that as Roy has 
pointed out it is the auricle that regulates the work of the heart or as 
Wesley-Mills“ aptly expresses it, The tendency to spontaneous con- 
traction of the muscle is most marked in the oldest part of the heart 
considered ancestrally.” As I hope to shew in the following pages that 
there are considerable differences in the attributes of the auricular 
contractile tissue and the ventricular contractile tissue in the three-day 
chick embryo, it is important to bear in mind that in my experiments 
the whole heart is under observation. Newell-Martin“ in dis- 
cussing the action of heat upon the dog’s heart mentions Cleland’s 
observation on the chick’s heart, and in criticising it, remarks that the 
embryonic heart on account of its protoplasmic nature might differ 
markedly from the adult heart. It must however be borne in mind 
that the fibres of the adult heart are in many respects primitive, as is 
shewn by their histological structure. It will be subsequently pointed 
out that in response to all classes of stimuli the embryonic heart 
shows striking similarity to the adult heart, especially in its response 
to the application of certain drugs (eg. digitalin, and strophanthin) 
whose action has been assigned to be upon the cardiac muscle itself. 
Further, that where divergences occur between the action of certain 
drugs on the embryonic heart, and their action upon the adult heart, 
these differences are in many cases explainable by the absence of 
a nervous mechanism. The contractile substance of the embryonic 
heart at the age at which these experiments were conducted I have 
denoted by the term myoplasm. My experiments have fallen under 
two main heads, 
(1) The results of varying the temperature. 
(2) The introduction of drugs. 

I have laid particular stress upon the action of 3 stimuli, 
because I believe that this line of work coupled with the advancing 
knowledge of the chemistry of protoplasm must lead to a more intimate 
knowledge of contractile tissues, while the connection between chemical 
constitution and physiological action should throw some light on the 
molecular changes which contractile tissues undergo when acted upon 
by drugs. I have also given some prominence in discussing my results 
to their relation to the observations of other observers on various 
vertebrate and invertebrate types, as the comparative method is less 


1 Wesley-Mills*. Canada Medical and Surgical Journal, 1887, p. 821—30. 
2 Newell-Martin“. Phil. Trans. Roy. Soc. 18838. 


* Other papers cited in the body of the paper. 
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liable to lead to error than the results obtained from the study of a 
single class of animals. 


Historical Summary of previous work on the Embryonic Heart. 


The phenomena of the embryonic heart have been observed since 
the earliest times, since Aristotle(!) mentions the orvyp7) xivovpévn” 
in the hatching hen’s egg. Hieronymus Fabricius figured in his 
treatise on the incubation of the hen’s egg, the area vasculosa. 
Harvey) wrote of the embryonic heart “about the end of the fourth 
and the beginning of the fifth day, being now enlarged, it seemeth to be 
changed into a small thin bladder containing blood which it ejects at 
every contraction and recalls at every diastole.” He further found that 
touching the heart either caused it to beat faster or stopped it altogether, 
a fact which has been recently confirmed by Sonnenkalb. He also 
observed that cold delays and e sope tte beating and that oa 
warming it “presently gaineth strength and vigour.” 

Langley described two moving points at the centre of the 
vascular area of the embryo. This was confirmed by Maitre Jean(5) 
and by Lancisi(®, who worked under Malpighi’s direction. 

Vieussens(?) pointed out what previous observers had (excepting 
Harvey) not noticed, viz, the morphological identity of the moving 
embryonic points with the adult heart. He also laid stress upon the 
importance of the elasticity of the cardiac muscular fibres in considering 
the causes of the rhythm of the heart, a factor which has recently been 
brought into notice by the researches of Roy (®). 

The subject was more fully investigated by Haller, who used the 
evidence of the embryonic heart in support of his famous doctrine that 
the rhythmic contraction of the cardiac fibres depends on their inherent 
irritability. To those who stated that the systolic phase of the heart 
cycle was due to compression of the nerves, he answered “in fish, and in 
little chicklings in the egg there can be no room for a compression 
of the nerves.” He first observed the embryonic heart beat at 45 hours. 
Von Baer(10 and Remak(11) observed it at about the same period of 
incubation, while Prévost and Dumas die) saw it at the 36th or 39th 
hour. 

Von Baer observed that the first contractions of the embryonic 
heart were irregular, but this was thought by His (18) to be due to the 
younger embryos being more influenced by cold than those more 
mature. | 
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The more recent work of Wernicke and of Preyer(!4) has shewn 
that the first heart-beats are irregular, with long pauses between each 
bout of beating like those observed by Luciani(!5) in frog's hearts 
under certain conditions. 

The normal rhythm of the chick’s heart has been investigated by 
several observers. Remak speaks of 40 systoles per minute. Von 
Baer of 150 per minute, while Kölliker de) places the heart frequency 
of young embryos from 40 to 60 beats per minute. Wernicke(!7) who 
experimented upon three-day embryos found the frequency of their 
heart rhythm, taken during the thirty seconds which immediately 
follow the opening of the egg, to vary from 90 to 146 beats per minute 
in the ten observations he made. Similar observations were made up 
to the fifth day of incubation, shewing variations of frequency as much 
as 58 beats per minute for embryos of the same age. It is however 
evident from Wernicke’s table that the older embryos have in general 
a greater frequency than those of an earlier date. Pre yer (is) found 
similar variations between the 46th and 170th hour. 

Eckhard id) found that in 8 to 10 day chick embryos the heart- 
beats were arrested by a temperature of 41° or 42°C. He thought the 
heat acted directly upon the cardiac muscular fibres and not through 
the intermediary of any nervous mechanism as was the current view of 
the action of heat on the heart at this period. He also separated the 
ventricle from the auricle and found the ventricle then stopped in 
diastole. It however recommenced beating when heated, and stopped 
beating when cooled. 

Schenk (2°), who experimented with three-day embryos, found that 
an increase of temperature alone caused an increase of the frequency 
of the heart rhythm, and that the heart stopped when the temperature 
was either raised above 40°C. or fell below 23°C. A heart that had 
been exposed to a temperature of 8°C. recommenced beating when it 
was heated to 34°C. Wernicke and Preyer found that the embryonic 
heart reacted very delicately to variations of temperature. Below 10°C. 
the heart stopped in diastole but on raising the temperature it recom- 
menced beating. A rise to 43°C. increased the frequency of the rhythm 
until it became uncountable. At 50°C. it ceased altogether. 

Cleland 2) observed the excised blastoderm of an embryo that had 
been hatched for 52 hours. He found the heart beating with a 
frequency of 36 per minute, On exposing the embryo to the cold of 
the surrounding atmosphere its heart stopped beating, but by bringing 
it near to a lighted lamp he increased the rhythm to 100 per minute. 
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He concludes his observation thus, “It is interesting to note that in 
the chick, where one homogeneous structure apparently combines the 
rhythmic impulse, excitability by artificial irritation and contractility, 
the effects of heat are the same as on the fully formed heart.“ 
Dareste(22), who obtained similar results, states that arrest of the heart 
is always preceded by arrest of the circulation. With respect to the 
action of chemical stimuli Schenk found with 72 hour hearts that 
dilute solutions of both acids and alkalis increased the frequency of 
their rhythm, while distilled water, a 2°/, solution of boric acid, and 
a 1°/, solution of sodium chloride as well as the vapour of ammonia to 
stop the heart. He concludes that “alle chemischen Agenten die 
Contraction des Herzens unterbrechen.” Chemical excitation has also 
been taken up by Preyer, who states that nitrate of potassium is a 
violent poison to the embryonic heart, while the nitrates of sodium and 
of ammonium are innocuous. He also states that atropine, hydrate of 
chloral, quinine and nicotine all paralyse the embryonic heart, while 
alcohol and ether in small doses augment the frequency of the embryonic 
heart, but finally stop it in diastole. 

As will be subsequently shewn in the experimental portion of this 
paper, the doses of Schenk and of Preyer were too large to produce 
any other than a depressing effect. 

The latter observer found that moderately strong induced currents 
increase the frequency of the embryonic heart, while stronger currents 
diminish the duration of the diastoles and finally produce a systolic 
stoppage. 

A constant current he states to have no effect upon the hearts of 
chick embryos, though he has noted an increase of frequency when it is 
applied to those of guinea-pig embryos. 

Fano(?3) believes that the automatism and excitability of the 
embryonic heart are independent of each other and that the excita- 
bility to stimuli increases with the age of the heart, while it pari passu 
loses its power of resisting lesions. His method, which will be discussed 
more fully later on, consisted in excising the embryonic heart from its 
blastoderm and keeping it on a warm stage. By the aid of photographic 
apparatus in collaboration with F. Badano(?4) he has measured the time 
taken by the peristaltic wave to pass over the embryonic heart, and finds 
that it varies with the condition of the heart. In freshly extirpated 
hearts its highest limit was 080 of a second, which if the hearts have 
been longer extirpated may fall to 250 of a second. There is a difference 
in the length of the concave and convex borders of the heart and the 
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wave of contraction which passes over the embryonic heart at a rate 
varying from 11°5 to 3-6 mm. per second, takes longer to travel along 
the convex than along the concave side from which Fano concludes 
“que la vitesse de transmission de l'onde pulsatoire est égale à elle- 
méme dans toute la masse du cour.” Preyer stated that he had 
observed simultaneous contraction of the different portions of the 
embryonic heart. As the result of a large number of experiments on 
this point Fano writes, “or nous n’avons jamais observé, ni directement, 
ni dans nos traces, le fait relevé par Preyer de la contraction simultanée 
de points différents du cur.“ From these observations he concludes 
that the propagation of the contractile wave of the embryonic heart is 
direct from cell to cell of its substance. 

These observers also divided the heart into several portions and noted 
that after dividing the auricle from the ventricle, the former continues 
to contract, while the ventricle stops, but resumes beating after a 
varying period of quiescence, in one case 15 minutes. The auricular 
rhythm after this operation is more frequent than the ventricular 
rhythm. Experimenting with gases they found that oxygen accelerated 
the rhythm of the heart and that hydrogen and carbonic oxide 
diminished it; while carbonic dioxide arrested the heart almost 
instantly. 
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(10) Von Baer. Entwickelungsgeschichte der Thiere. Erster Theil. 
Königsberg, 1828, S. 32. 

(11) Remak. Untersuchungen über die Entwickelung der Wirbelthiere. 
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(12) Prévostand Dumas. Froriep’s Notizen. 1824, Vol. vi. p. 209. 

(13) His. Untersuchungen über die erste Anlage des Wirbelthierleibes. 
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Preyer. Jena, 1877. Also Inaug. Dissert. Jena, 1876. 
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(21) Cleland. Journal of Anatomy and Physiology. Vol. x1. (1877), 
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(22) Dareste. Association Frangaise pour l’Avancement des Sciences, 
7. Session (1878), p. 741. „Comptes Rendus,” T. LxxxvI. (1878), 
p. 725. 
(23) Fano. Lo Sperimentale. 1885. 
(24) Fano and Badano. Archives Italiennes de Biologie, T. XIII. 
(1890), p. 387; also in Archivio per le Scienze Mediche. Vol. xiv. 
p. 113. 
On the methods adopted in the examination of the Embryonic Heart. 
Of the early observers Harvey seems to have examined the 
embryonic heart in situ. Cleland floated the blastoderm under ex- 
amination on to a watch-glass and by pouring off the water left the 
embryo adherent to the watch-glass. Fano opened his eggs in “75 °/, 
saline solution and detached the embryo by a circular cut around the 
area pellucida. The embryo was then transferred to a warm slide, 
where its heart was dissected out and affixed by two needles to the 
slide. Meaus were taken to prevent loss of moisture. This method 


has the advantage that by it a photographic record of the wave of 
contraction passing over the heart can be obtained. It is however 
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open to the objection that there is, owing to the abnormal conditions 
under which the heart is observed, a gradual loss of energy of the heart, 
which renders it an unsuitable method for studying the action of drugs 
and varying conditions when they are acting over comparatively long 
periods of time. This method though eminently suited for Fano’s 
purpose is unsuited for mine. 
Preyer and those who worked under him examined their * 

by two methods: 

(a) They decalcified the egg-shells by chemical agents and 
examined the embryos in situ by the aid of strongly reflected light. 

(b) They opened the tops of the eggs and kept them warm 
by plunging them in sand, which in turn was heated by a water- 
bath. 


When they were not making observations a metal lid excluded the 
embryo from the influences of the surrounding atmosphere, to which it 
was exposed during the time of the observations. To avoid the in- 
accuracies his pupil Wernicke made observations on the frequency 
of the heart rhythm during the 30 seconds which followed the opening 
of the egg. 

The aim of the method I have adopted has been to disturb to the 
least possible degree the normal condition of the embryo. To attain 


this object I have devised the “observing incubator” figured at the 


end of this paper. It consists of a water-bath made of copper, sur- 
rounding on five sides an air chamber. The temperature of the air 
chamber can by the means of the water-bath be kept constant, or varied 
at pleasure. The remaining upper side of the air chamber is covered 
by glass. 

Suspended within the air chamber by means of copper strips and 
binding-screws is the egg under observation. The copper strips are 
supported by a wooden frame which rests upon the top of the incubator 
and which bears the glass top as shewn in the diagram. By this means 
but little heat is conducted from the copper sides to the egg. Two 
thermometers resting upon the wooden frame record the temperature 
of the air of the chamber. 

A window 3 cm. square is cut through the shell and shell membrane 
of the egg under observation, the albumen and the blasto- 
derm being undisturbed. The egg and contained embryo are then 
placed in the “observing incubator” the atmosphere of which is kept 
moist by the evaporation of water from a small bowl placed within it 
Preyer has pointed out that the evaporation of water from the surface 
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over the embryonic heart depresses its rhythm, and the method adopted 


prevents the intervention of this source of error. 

If the temperature be kept constant the rhythm of each individual 
embryo will remain constant for many hours if kept in the apparatus 
described above. The shock of opening the egg due to the exposure 
of the blastoderm to the cold air of the laboratory will often cause 
depression of the rhythm, which may persist for two or even three 
minutes, after which time if placed in the “observing incubator” the 
embryonic heart will assume a regular rhythm. 

Observations made during the thirty seconds which follow the 
opening of the egg are therefore liable to error. It is also advisable 
to keep the egg for 10 or 12 minutes in the incubator before com- 
mencing to record observations. In order to administer chemical stimuli 
it is necessary to find some solvent which itself has no influence on the 
embryonic heart. This is furnished by 65% sodium chloride solution, 
which if administered at the temperature of the embryo does not 
influence its cardiac rhythm. For this reason all drugs have been 
dissolved in this solution and given at the same temperature as the 
embryo. Distilled water depresses the cardiac rhythm. It is therefore 
unadvisable to administer drugs simply dissolved in distilled water as 
some observers have done. All substances have, except where otherwise 
stated, been administered by direct application to the heart by the 


means of a hypodermic syringe. 


On the Normal Rhythm and its Modifications. 


The normal contraction wave passes from the entrance of the veins 
into the auricle, and thence to the ventricle. Ifa small piece of fine 
silk fibre be placed at the auriculo-ventricular junction, partial blocking 
of the auriculo-ventricular sequence can be obtained, so that for every 
two or three auricular beats, only one beat of the ventricles results. If 
the rhythm be stopped by allowing the air of the observing incubator 
to slowly cool to 10°C. or lower, it often results that the auricular 
portion of the heart continues to beat after the ventricles. The auri- 
culat myoplasm is therefore endowed with a higher power of spontaneity 
than the ventricular myoplasm. If now the auricle be gently stimu- 
lated by a needle point, the increased auricular beat spreads to the 
ventricle, which contracts in the normal sequence. The same result 
ensues from the application of a weak interrupted electrical current. 
If both auricle and ventricle have passed into complete standstill, 
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stimulation of the auricles will, if the standstill has not been too long, 
lead to contraction both of the auricle and the ventricle. A stimu- 
lation either electrical or mechanical of the ventricular end 
leads to a wave of contraction which commences from the 
auricular end and follows the normal sequence from auricle to 
ventricle. This shews direct conduction in the substance of 
the ventricular and auricular myoplasm, since the wave of 
contraction does not originate from the point of stimulation. 

I may here mention that the contraction of the embryonic 
heart even when under profound modification, due to the 
actions of poisons, always occurs as a peristaltic wave. Like 
F ano’ I have never observed the simultaneous contraction of the different 
parts of the embryonic heart said to exist by Preyer“. Duval“ has shewn 
that in embryos from 60 to 80 hours the auriculo-ventricular valve is 
absent and represented by an infundibuliform slit. I have examined 
transverse sections of 72 hour embryos and find that the elongated cells 
of the cardiac myoplasm are arranged in a longitudinal manner at the 
point of junction of the auricles and ventricles. There is at this period 
no defined auriculo-ventricular ring of fibres. Yet if the normal rhythm 
be impaired by the action of a depressant poison like morphine or a 
salt of potassium there is a marked pause between the contraction of 
the auricle and that of the ventricle. Also in cases when warming the 
heart will cause it to recommence beating, the auricle often begins 
before the ventricle, and finally its beats spread to the ventricle. 

Foster“, writing of the sino-auricular and auriculo-ventricular pause 
in the rhythm of the frog’s heart, has stated “we may thus consider the 
breaking of the primitive unbroken peristaltic wave of contraction from 
sinus to bulbus to be due to the introduction of tissue of lower conduct- 
ing power at the junctions of the several parts.” It seems however that 
in the embryonic heart the “lower” activity of ventricular myoplasm is 
the cause of the auriculo-ventricular pause, the ventricle apparently 
taking a longer time to respond to the stimulus of the contraction wave 
reaching it from the auricles, than do the individual cells of the auri- 
cular myoplasm itself. If it is safe to apply conclusions drawn from the 
myoplasm of the embryonic heart to the adult heart it would seem that 
one factor in determining the auriculo-ventricular pause is the “lower” 
activity of the ventricular fibre generally. Whether there is any special 

1 Fano. Op. cit. 2 Preyer. Loc. cit. 


* Duval. Les travauæ de lab. de Physiol. de Paris. T. 1. (1885). 
Foster. Text Book of Physiology, (5th ed.), p. 289. 
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introduction of fibres of lower conducting power at the auriculo-ventri- 
cular junction, or whether the pause in the rhythm between the auricles 
and ventricles is wholly due to the lower activity of the ventricular fibre 
can only be determined by direct experiment on the adult heart, where 
it might be observed if the auriculo-ventricular junction were less 
responsive to stimuli than the remainder of the ventricular fibre. 

A fundamental question in determining the variations produced by 
external agencies on the embryonic heart is whether there is a normal 
rhythm? By the term normal rhythm I mean a rhythm of common 
frequency for hearts of the same age when under the same external 
conditions. Reference back to my historical summary will shew that 
different observers have given different “normal” frequencies for the 
embryonic heart, the widest divergence being Remak with 40 systoles 
per minute and Von Baer with 150 per minute. The absence of a 
truly normal rhythm is also well shewn by Wernicke's“ table, who in 
three-day embryos obtained variations of frequency between 90 and 146 
beats per minute in the 10 eggs of that age which he examined. I 
have in my section on the methods adopted pointed out my reasons for 
believing that Wernicke’s method was liable to error. I have 
examined some 250 embryonic hearts at ages varying from 60 to 100 
hours, and over 150 at 72 hours’ incubation (at the temperature of 
38°C.), under the same conditions of temperature and moisture, with 
the precautions cited in my section on method. From these obser- 
vations I conclude that there is no constant frequency in embry- 
onic hearts of the same age and under the same conditions but 
each embryo has an individual rhythm of its own, which if the 
external circumstances are unvaried remains constant. It is 
therefore necessary to determine the constant rhythm of each 
embryo before studying the variations which result from 
stimuli. 

The frequency which in each experiment that follows I have termed 
the normal rhythm is really the normal individual frequency under the 
conditions of temperature stated in the particular experiment. The 
remaining conditions, such as moisture, are constant in each and every 


experiment, where the normal rhythm was determined. 


Action of Variations of Temperature. 


The following experiment illustrates my results with varying tem- 
peratures. 


1 Wernicke. Loc, eit. p. 30. 
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In an embryo aged 72 hours, an experiment which lasted four hours 
was commenced at 34°C., at which temperature its cardiac rhythm was 
85 beats per minute. The temperature of the air of the incubator was 
rapidly raised to 41° C., when the rhythm became 91 beats per minute. 
A further increase of the temperature of the air of the incubator to 
50°C. raised the cardiac rhythm to 129 beats per minute, but owing 


apparently to a condition of tonic contraction having set in, the beats were 


reduced in force. The temperature was then rapidly lowered to 26°C., 
and the rhythm almost immediately fell to 115 beats per minute, while 
the condition of idiomuscular contraction disappeared. A further rapid 
fall of temperature to 18°C. reduced the rhythm to 34 beats per 
minute, while the systoles were apparently weakened, the whole heart 
being more expanded than in the normal condition. The temperature 
was then rapidly raised to 46°C., when the rhythm rose to 117 per 
minute. A second fall of temperature to 29° C. reduced the rhythm to 
56 per minute. 

In other experiments with embryos of ages varying from 50 to 120 
hours similar results were obtained. | 

The preceding observations when considered with those quoted from 
Harvey, Eckhard, Schenk, Wernicke, Preyer, Cleland and 
Dareste, shew that heat acts directly upon the activity of the 
embryonic myoplasm, increasing its activity within certain limits, above 
and below which it becomes a depressant. This is but another 
instance of the many examples which prove that heat modifies the 
metabolism of all contractile tissues. Thus similar alterations of 
rhythmic action have been shewn by the following investigators in the 
types named, by Romanes’ in medus, by Newport“ in insects’ hearts, 
by Carus*, Brandt“ and Plateau“ in crustacean hearts; by Yung® in 
molluscan hearts; by Dolgiel’ in the heart of the larva of Corethra 
plumicornis, by many observers® on the batrachian heart, and recently 


1 Romanes. Croonian Lecture Roy. Soc. Dec. Ist, 1875, (Vol. 166). 

2 Newport. Article “‘ Insecta” in Todd’s Cyclopaedia. Vol. vn. (1839), p. 981. 

5 Carus. Von den dussern Lebensbedingungen der heiss- und kaltbliitigen Thiere. 
Leipzig, 1824, S. 84. 

Brandt. Physiol. Beobachtungen am Herzen des Flusskrebses. 

5 Plateau. Archives de Biologie (Van Beneden’s). T. 1. (1880), p. 683; Bulletin de 
Acad. Roy. de Belgique, 2™ série. T. 41, p. 107. 

Tung. Archives Expér. de Zool. T. rx. (1881), pp. 429—444. 

7 Dolgiel. Mém. Acad. de Pétersbourg, yvm* série. No. 10 (1877), p. 16. 

8 A historical account, including the early observations of Humboldt, Panum, 
Pickford, Cyon, Budge and Tigger, with references, together with his own work on 
the subject is given by Brunton in St Bartholomew's Hospital Reports, Vol. vn. (1871), 
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by Newell-Martin' on mammals’ hearts; as well as on the contractile 
power of the uterus, vas deferens, digestive tube, vagina and on cilia by 
Calliburcés*. From these observations I conclude that the 
rhythmic activity of contractile tissues varies with their 
temperature. 

Small variations of temperature“ if taking place over a compara- 
tively long period of time, as for instance a change of one or two degrees 
in two or three hours, do not influence the cardiac rhythm of a carefully 
kept embryo. 

Newell-Martin (loc. cit.) believes that variations in the body 
temperature during fever may account for the variations in the pulse- 
rate and cardiac rhythm that are observed under such conditions. Is it 
not however more probable that such temperature variations 
being comparatively slowly produced during the febrile con- 
dition do not materially influence the cardiac rhythm, but 
that any changes in the rhythm that are observed under such 
conditions are due to the circulation of toxines in the vascular 
system? 

As Plateau“ found on the heart of the lobster so I find that the 
heating of the embryonic heart above certain limits enfeebles the 
rhythm by diminishing the length of the systoles, while the diastoles 
become imperfect. The extreme feebleness of the rhythm is shewn by 
the anemic condition of the whole blastoderm. Periods of rapid 
beating alternate with periods of rest. In some cases the stoppages 
were in systole, but the final fatal stoppage of the overheated embryonic 
heart was in diastole. According to Preyer’ a heat tetanus does not 
exist in the embryonic heart. The absence of a graphic method renders 
it extremely difficult if not impossible to decide whether there is or is 
not a tetanic fusion of the heart-beats of the embryo under the influence 
of high temperatures, and it is possible to explain the shortened systoles 
as an “idiomuscular contraction,” and the whole condition of the heart 
as comparable to that described by Kronecker® as “ Herz Delirium.” 


p. 216; for more recent work see René, Archives de Physiologie, Vol. xxt1. (1890), p. 596, 
and G. N. Stewart, This Journal, Vol. x11. (1892), p. 59. 

' Newell-Martin. Phil. Trans. Roy. Soc. 1883, (Croonian Lecture), Vol. 167, p. 689. 

2 Calliburcés. Comptes Rendus. T. XIvn. (1858), p. 638. 

Even up to 50. 

* Plateau, Association Frangaise des Sciences. 1878, p. 734. 

b Preyer. Op. cit. p. 31. 

Kronecker. Beit. zu Anat. und Physiol. 1874. 
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The final relaxation which succeeds the contracted phase seems to point 
to the latter explanation. This final diastolic stoppage as the result of 
overheating agrees with the observations of Aristow' and of Stewart’, 
who describe a final diastolic heat stoppage in the frog’s heart. 


On the Action of Drugs of the Caffeine Group. 


We shall consider under this head—Caffeine, which is trimethyl- 
xanthine, theobromine, which is dimethyl-xanthine, and xanthine itself“ 
in their action upon the cardiac myoplasm of the embryo and allied 
contractile tissues. 

A. Caffeine. 

Additional interest has been attached to the action of this drug, since 
as before stated, Loew‘ has found it to combine directly with certain 
portions of protoplasm. 

Albers“ believed that caffeine caused tetanus even of the heart 
fibre. Stuhlmann‘ and Falck observed acceleration and irregularity 
of the heart’s action under the influence of caffeine. Voit’ noted an 
increase of action followed by a decrease after its administration. 
Detel', Penilleau’, and Prompt“ found that caffeine accelerated the 
pulse. Leven™, who made extensive experimental researches, concluded 
that the primary acceleration only gave way to depression when fatigue 
of the cardiac muscle set in. 

Méplain™ however concluded that the primary acceleration was 
absent; and there was only a diminution of rhythmic power. Batek“ 
has recently confirmed Leven’s views. Bennett“ made comparative 


1 Aristow. Archiv fiir Anat. und Physiol. (Phys. Abth.) 1879, S. 198. 

2 G. N. Stewart. This Journal. Vol. X. (1892), p. 122. 

For the chemical relations of these bodies see B. Fischer, Liebig's Annalen. 
Bd. coxv. (1882), 8. 253. Ber. d. deut. chem. Gesell. Jahrg. 14, S. 637; Jahrg. 15, 
8. 290, u. 453. 

* Loew. Notice sur le Deuxitme Congrès de Physiologie. Lidge, 1892, p. 32. 

5 Albers. Deutsche Klinik red. von Goeschen. 1852, No. 51. 

Stuhlmann and Falck. Virchow’s Archiv. Bd. xi. (1857), SS. 324, 481. 

7 Voit. Untersuchungen uber den Einfluss des Kaffes und der Muskelfwegungen auf 
den Stoffwechsel. Munich, 1860. 

s Detel. These Inaug. Paris, 1861. 

® Penilleau. These de Paris. 1864. 

1% Prompt. Archives générales de médecine. 1867, p. 358. 

u Leven. Archives de Physiologie. 1868, p. 179. 

n Méplain. These de Paris. 1868. 

u Batek. 0 Coffeinu” (Russian), abstract in French in the Archives Slaves de 
Biologie. T. 1. (1886), p. 483. 

Bennett. Edin. Med. Journ. Vol. xrx, (1873), p. 323, 
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experiments with caffeine, theine, and theobromine on frogs and 


rabbits, and found first an increase and finally a decrease of action with 


each of these bodies. | 

The present condition of our knowledge is illustrated by Bradford’ 
in his article in “ Ringer’s Therapeutics,” in which he describes “a 
diminution in the force of the cardiac beats, this is followed by a period 
during which the heart-beats are slowed but markedly strengthened, to 
be followed in turn by a period of acceleration, during which the blood- 
pressure regains or even exceeds its former level. The action of the 
drug on the heart is probably a mixed one, not only does it cause a 
diminution of the force of the beats, but it probably at the same time 
causes a contraction, tonic in character, of the ventricular muscle. Asa 
result of this the capacity of the heart is diminished, and hence a 
smaller quantity of blood will leave the organ at each systole.” This 
agrees with Roy's“ classing of caffeine amongst those drugs that 
produce “ idiomuscular contraction.” 

Bradford and Phillips“ also write“ we have, however, been unable 
to satisfy ourselves that the drug produces acceleration of the heart 
after section of the vagi.” They also consider the diminution of the 
cardiac beats is due to inhibition phenomena on the medulla, since 
they are absent after section of the vagi. 

The following experiments illustrate the action of caffeine on the 
embryonic heart. 


(1) ov. lst, 1892. Embryo aged 70 hours, with normal rhythm of 88 
per minute. Temperature throughout the experiment 35°C. 

At 2.17.0 lec of normal saline containing 00015 gr. of caffeine was 
administered. 

2.19.0 The rhythm was 100 per minute and normal. 

The rhythm was retained at 100 per minute during the next four minutes 
and exhibited no peculiarity except that the heart was in slight tonic contrac- 
tion. 

2.23.15 The heart was in the same condition, but the frequency had 

fallen to 96 per minute. 

2.24.15 Rhythm same as previous observation. A second dose of 00015 

gr. administered. 

2.26.25 Rhythm was 98 per minute, no visible change in heart. 

2.27.25 Rhythm had risen to 102 per minute. 


1 Bradford. Ringer’s Therapeutics. p. 527. 
* Roy. This Journal. Vol. 1. p. 477. 
* Bradford and Phillips. This Journal. Vol. vin. (1887), p. 122. 
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Rhythm had fallen to 100 per minute, 

Rhythm had fallen to 90 per minute. 

Rhythm had fallen to 88 per minute. A third dose of 00015 
gr. given. 

Rhythm rose to 92 per minute. The whole heart was more 
contracted. 

Rhythm 96 per minute. 

Rhythm 80 per minute. Heart still contracted, but not to 
such an extent as to interfere with its action. 

Rhythm 78 per minute, 0003 gr. given. 

Rhythm 92 per minute. Heart more contracted. 

Rhythm fell to 42 per minute. Heart in tonic contraction. 

A dose of 0006 gr. given. 

Rhythm was 52 per minute. 

Rhythm was 76 per minute. 

Rhythm was 76 per minute. 

A dose of 00075 was given, which was fatal in strong systole. 


(2) Nov. 9th, 1892. Embryo aged 75 hours. Temperature during the 
experiment 37°C. Normal rhythm was 116 per minute. 


At 1.51.0 
1.52.0 
1.52.45 
1.53.0 
1.53.30 


1.54.5 


2.2.35 


1e. c. of normal saline containing 0025 caffeine was given. 

The rhythm was 100 and very strong. 

The heart stopped in strong systole. 

The heart recommenced beating. 

During these 30 seconds there were 12 beats, each having a 
strong systole. 

During these 30 seconds there were 6 beats, followed by stoppage 
in strong systole. 

The auricular half of the heart gave two strong beats. The 
whole heart then passed into strong contraction and was 
irresponsive to stimuli. 


These experiments shew a general correspondence of results between 
the embryonic heart and those recorded by Bradford and Phillips on 
the adult heart. There is induced in the embryonic heart the condition 
of tonic contraction, described by these observers and by Roy. The 
primary acceleration observed with the smaller doses corresponds to the 
primary acceleration cited by several observers in the adult heart. It 
is therefore probable that the chief phenomena described in 
the foregoing abstract as characterizing the action of caffeine 
on the adult heart are the result of the direct action of the 
caffeine on the cardiac fibre; and that the nervous elements 
play only a secondary part. 
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The fact that Bradford and Phillips were unable to obtain a 
definite acceleration after section of the vagi in their experiments seems 
to point to the action of nervous influences vid these nerves, 
especially as caffeine is known to be a stimulant to nervous tissues. 
If therefore there is any nervous influence its action is greatly aided by 
the primary acceleration which the caffeine probably produces by its 
direct action on the cardiac fibre. To summarize—All the phe- 
nomena having their analogue in the action of caffeine on 
the embryonic heart, it is unnecessary to introduce a nervous 
hypothesis to explain the action of caffeine on the adult 
heart. 

Experiment 2 illustrates a fact often observed that a much larger 
dose may be administered in portions than can be given at one dose. 
Thus in Exp. 1 00135 gr. was given in small doses, with a resulting 
depression of only 10 beats per minute, while in Exp. 2 a single dose 
0025 gr. was fatal after one minute forty-five seconds action. A condition 
of toleration is set up by small doses of the drug. Also as the result 
of a larger dose the tonic or idiomuscular contraction is very marked, 
with the result that the blood output is reduced. This is shewn by the 
anemic condition of the whole blastoderm. In discussing the action of 
drugs on the heart, physiologists lay great stress on the reaction of the 
blood pressure upon the endocardiac pressure and thus upon the activity 
of the cardiac fibre. This action is well shewn by the hypertrophy of 
the cardiac fibre which results from increased arterial tension’: but it is 
also possible that too much importance has been attributed 
to this factor, since in the blastoderm we can have no increased 
arterial tension, and yet the condition of the heart undergoes the same 
changes as when an increased arterial pressure is present. This remark 
also applies to drugs which stop the heart in dilatation (as chloroform) 
where the dilatation is supposed to directly result from increased blood 
pressure. There is a striking difference between the action of caffeine 
on the contractile tissue of the meduse and the cardiac fibre and 
myoplasm, as is shewn by the researches of Romanes’, for although there 
is a primary acceleration of the rhythm, yet at the same time the beats 
diminish in potency, then the contractions gradually fade away and the 
animals lose their tonus and become relaxed to the utmost extent. 
This relaxation will even be produced if a medusa that has been 


' Vide Ziegler’s Pathology (translated by Macalister). Part u. p. 49 (1887). 
Romanes. Phil. Trans, Vol. 167, part u. p. 736. 
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angsthesetized (and consequently had the functional activity of its 
nervous mechanism temporarily abolished) be placed in a solution of 
caffeine. Since the relaxed phase of the medusa’s rhythm corresponds 
to the diastolic stage of cardiac activity, there is therefore a fundamental 
difference between the medusa’s rhythmic contractile tissue, which on 
account of its primitive organisation may to some extent represent 
persistent ancestral contractile tissue, and the embryonic myoplasm. We 
might anticipate a similarity between embryonic contractile tissue and 
this primitive contractile tissue, and we have apparently a physiological 
exception to the famous law of Kowalewsky' that—every individual 
in its embryonic development tends to repeat its ancestral development. 
That this divergence of action is not due to the nervous rete present in 
the subumbrellal tissue of the meduse is shewn by its production in 
the anzsthesetized animal. Possibly the difference of action is the 
result of a fundamental difference of metabolism, since the environment 
of the two classes of contractile tissue under consideration is essentially 
different. From this fact it also may be pointed out that it is 
undesirable to reason from the action of drugs and other stimuli on 
protoplasm that has retained a primitive ancestral condition, that a 
similar action will result on more differentiated tissues, and, as corollary 
to this, it is not improbable that persistent naked protoplasm and 
comparatively undifferentiated contractile tissue (shewing these physio- 
logical differences) have a different chemical composition, which is 
correlated with the varying physiological action. There are however 
similarities between simple protoplasm and the higher contractile sub- 
stances ; thus quinine, according to the original observations of Binz’, 
entirely arrests the movements of leucocytes, while Geltowski“ has 
shewn that this action will take place even when the dilution of the 
quinine is 1 in 1500. 

Preyer‘ states that quinine is the most toxic of all the agents he 
has applied to the embryonic heart, while the hypodermic injection of 
3 to 12 centigrammes of quinine in a frog will rapidly paralyse the 
muscular substance of its heart (J olyet’). 


1 Kowalewsky. See researches in Acad. des Sciences de S. Pétersbourg, commencing 
vn série, tome x. 1866. 

? Binz. Virchow’s Archiv. Jahrg. 1867 und 1868. Berlin Klin. Woch. 1871. 

Geltowski. Practitioner. Vol. vu. p. 325—330. 

‘Preyer. Op. cit. 

® Jolyet. Comptes Rendus. T. Lxxv. (1867), p. 719 et 421. 
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B. Xanthine. 
My results with xanthine are illustrated by the following experi- 
ment. 


Nov. 18th, 1892. Embryo aged 96 hours. Temperature throughout the 
experiment 33°C. Normal rhythm 102 per minute. . 
At 12.11.0 lc.c. of normal saline containing 0004 gram of xanthine was 


12.13.0 
12.15.0 
12.21.0 
12,25.0 


12.26.0 
12.27.0 
12.32.0 
12.34.0 
12.36.0 
12.37.0 


12.37.0 
12.38.0 
12.40.0 


12.41.0 
12.42.0 
12.44.0 
12.45.0 
12.46.0 
12.47.0 
12.48.0 
12.49.0 
12,50.0 
12.51.0 


12.52.0 
12.53.0 


12.54.0 
12.55.0 


administered. 

Rhythm was 102, and apparently normal in every respect. At 
12,14.0 the heart was in the same condition. 

No change in condition of the heart. A second c.c. of xanthine 
solution containing 0004 gr. was given. 

The rhythm at this time was normal, having remained unchanged 
from that of the preceding observation. 

Rhythm still normal. 3 c. c. of solution given containing 0012 
gr. of xanthine. 

Frequency 80 per minute. Rhythm otherwise normal. 

Frequency 80 per minute, no change in rhythm. 

Frequency 92 per minute, no change in rhythm. 

Frequency 96 per minute, no change in rhythm. 

Frequency 96 per minute, no change in rhythm. 

No change in frequency or rhythm. 3c.c. of solution containing 
0012 gr. of xanthine was given. 

No change in rhythm. 

No change in rhythm. 

No change of rhythm. I C. c. of solution containing 0012 gr. of 

Frequency 98. No other change observed. 

Frequency 98. 

Frequency 102 per minute. Beats were strong. 

Frequency 116 per minute. Beats were strong. 

Frequency 120 per minute. Beats apparently not so strong. 

Frequency 114 per minute. 

Frequency 115 per minute. 

Frequency 108 per minute. 

Frequency 104 per minute. 

Frequency 104 per minute. lc.c. containing 0012 gr. of 
xanthine given. 

Frequency 126 per minute. The strength of beats apparently 
weakened. 

Frequency 122. Force as above. 

Frequency 126. Force as above. 

Frequency 122. Force as above, 
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12.56.0 1lc.c. of solution containing 0012 gr. of xanthine given. 
1.1.0 Frequency 120. No change. 

1.2.0 Frequency 120. No change. 

1.3.0 Frequency 120. No change. 

1.4.0 Frequency 120. Commencing weakness of the systoles. 
1.22.0 Frequency 102. Beats weaker than in normal rhythm. 

1.23.0 lec. of solution containing 0012 gr. of xanthine added. 


1.24.0 Frequency 86. Beats only slightly weaker than the normal. 
1.30.0 Heart in the same condition. 


This experiment shews that xanthine caused a primary depression 
of the embryonic heart, followed by an acceleration and an increase in 
the strength of the beats. Very large doses slightly weaken the 
rhythmic power of the heart, but I have been unable to induce any 
tonic contraction. 


C. Theobromine. 
The following is an example of the action of theobromine. 


Nov. 19th, 1892. Embryo aged 70 hours. Temperature throughout the 
experiment 31°C, Normal rhythm 112 per minute. 
At 12.52.45 lec. of normal saline solution containing 0005 gr. of 

12.54.45 The frequency and characteristics of the rhythm remained 
normal, 

12.57.0 The frequency and characteristics of the rhythm still normal. 
00075 gr. of theobromine in 1c.c. of normal saline was 
given, 

12.58.0 Frequency rose to 120 per minute. The characteristics of the 
rhythm remained normal. 

12.58.0 Same as above record. 

1.2.10 Frequency 140 per minute. Beats apparently very strong. 

1.3.10 Frequency 150 per minute. Beats apparently very strong. 

1.5.0 Rhythm unchanged. 0005 gr. of theobromine given. 

1.10.0 Rhythm unchanged. 00075 gr. of theobromine given. 

1.12.0 Rhythm unchanged. 

1.13.0 Frequency 136 per minute. Diastoles somewhat imperfect, 

1.14.45 Frequency 140 per minute. Diastoles slightly imperfect. 

1.16.30 Rhythm as in preceding observation, 0015 gr. of theobromine 
given. 

1.20.0 Frequency 112 per minute, The rhythm did not show any 
peculiarities from the normal. 

1.22.0 Frequency 126 per minute. 0005 gr. of theobromine given. 
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1.24.0 Frequency 124 per minute. The characteristics of the rhythm 
remained normal. 

1.26.0 A further dose of 0015 gr. of theobromine was given. 

1.30.0 Frequency 130, and rhythm otherwise normal. 

1.32.0 Observation same as above. 2c.c. of satwrated solution of 
theobromine was given. 

1.35.0 Frequency 124, and rhythm otherwise normal. 

1.38.0 Frequency 140, and rhythm otherwise normal. 

1.42.0 Observation as preceding. 

1.44.0 Observation as preceding. 

1.45.0 2 c. o. of saturated solution of theobromine given. 

1.48.0 Frequency 140, and rhythm otherwise apparently unchanged. 

1.50.0 Frequency and rhythm unchanged. 


1.51.0 2 c.c. of saturated solution of theobrom ine given. 
1.55.0 Frequency 120, and rhythm otherwise normal. 


The experiment recorded above shews that theobromine in doses 
of 00075 gram will greatly increase the frequency of the cardiac 
rhythm of the embryo. Larger doses apparently have little or no 
depressant effect, since the frequency was maintained at 120 per 
minute, or 8 beats per minute above the normal frequency, after more 
than 006 gram had been given. There was even after these doses no 
alteration to be detected in the character or force of the cardiac rhythm. 
During the primary phase of acceleration the systoles of the heart were 
somewhat, stronger than the normal. There was however no condition 
of tonic contraction during any phase of its action. 

D. General considerations respecting the Caffeine group. 

The close chemical relationship of the three substances considered 
in the foregoing section, and their difference consisting of the intro- 
duction of methyl groups, as well as the occurrence of xanthine in the 
organism, makes them peculiarly adapted to the study of the relation- 
ship between the physiological action and the chemical composition of 
stimulus employed. In this connection I may remark that xanthine 
contains a (CONH) atomic group, and that there are some reasons for 
believing that a (CONH) group may exist in the proteid molecule’, 
Further, the work cited from Loew and Bokorny tends to shew 
that a definite combination between naked protoplasm and caffeine 
may exist, so that further investigation may be carried on, on both 
chemical and physiological lines. I have in this paper restricted 
myself to the latter method. 


1 See author's paper. This Journal. Vol. xxv. (1893), 
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It will be seen that xanthine has no constricting action on the 
tone of the heart, it even tends to produce an atonic condition. 
Theobromine causes a slight increase of the cardiac tone, but even 
after the administration of a saturated solution the systoles were 
apparently normal and there was no visible idiomuscular contraction. 

Caffeine is the drug which on the embryonic heart produces pro- 
nounced idiomuscular contraction. We may tabulate these results thus. 

No methyl groups in] Tendency to the production of an atonic 

the molecule. condition. 

Two methyl groups in] Slight improvement of systoles but no 

the molecule. pronounced tone. 

Three methyl groups in 


Pronounced tonic contraction. 
the molecule. 


There being evidence that caffeine combines with con- 
tractile tissues, it is not improbable that the condition of 
tonic contraction produced by the application of caffeine is 
owing to the introduction of methyl groups into the proteid 
molecule. 

It has been shewn by several! observers that the introduction of 
methyl or ethyl groups into certain alkaloids modifies their physiological 
action—often changing a convulsing action into a paralysing action. 
It will therefore be a question for future decision whether there is any 
relationship between tonic action and paralysis of motor nerves. 

Bennett“, who worked with theobromine and caffeine, did not 
distinguish any fundamental difference in their action. Fihelne*, who 
has recently tried their comparative action on frogs’ hearts, has observed 
that marked differences exist between the action of caffeine and theo- 
bromine on different species of frogs‘. He has also however observed a 
diastolic standstill to be a characteristic of their action. 

For this reason I have carried out my experiments with one species 
of fowl’s egg viz. Cochins, and have as stated obtained results in the 
case of caffeine closely corresponding to the action known to exist on 
mammals’ hearts. 


1 Bucheim and Loos. Eckhard’s Beitrage. Bd. v. also Brunton and Cash’s 
recent paper, Trans. Roy. Soc. 1892. 

2 Op. cit. 

3 Fihelne. Archiv fiir Anat. u. Physiol. (Du Bois Reymond's Archiv) 1886, S. 72. 

4 See also Schmiedeberg's original paper, On the difference of the action of 
caffeine on varying species of frogs.” Archiv fiir exper. Path. u. Pharm, Bd. u. S. 62. 
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On the Digitalin Group. 

The action of digitalin, antiarin, helleborin, and strophanthin, are 
peculiarly interesting, since there is considerable evidence as to their 
direct action on adult cardiac fibres. The observations previously made 
have been complicated by the action on the muscular coat of the 
arteries which is obviously eliminated in these experiments. We have 
therefore the means of testing how far the myoplasm of the embryonic 
heart corresponds in its physiological reactions to the fully developed 
cardiac fibre. In order to lay the evidence before my readers I will 
briefly consider the chief steps by which our knowledge of the action 
of these drugs on the heart has been advanced. 

Sir B. Brodie() found that upas antiar paste stopped the hearts 
of dogs and rabbits in distension. From a clinical point of view a 
large number of physicians, amongst whom were Mosman(?), King- 
lake), and Winogradorff(*), stated that digitalin slowed the heart. 

Stannius(5) experimented with digitalin on cats, rabbits, and 
other animals, and obtained with a large dose diastolic stoppage, the 
heart being irresponsive to stimuli. He believed that digitalin acted 
directly on the musculo-motor elements of the heart, but stated that 
it was impossible to determine whether the contractility of the muscle 
was or was not dependent on the nerves. 3 

His chief opponent was Traube(®), who attributed the slowing of 
the heart to stimulation of the inhibitory nerves or by action on a 
cardio-inhibitory centre. The increase of blood pressure he thought 
to be owing to a primary stimulation of the cardio-motor centre. A 
large number of observers, including Blake (), Legroux(8), Briese- 
mann and Boldt, Gou vat (io), Ackermann(!) and Böhm), have 
shewn that the increase of blood pressure is due to constriction of the 
arterioles. This increase of pressure must react on the heart, influenc- 
ing its rhythm, thus obscuring the direct action of the drug on that 
organ. It would also modify the elasticity of the heart and this again 
its work. 

Working under Kölliker's superintendence Pelikandis) found 
that upas antiar acts directly on the heart, exclusive of any extrinsic 
nervous mechanism. Dybkonsky and Pelikan(!4) shewed the simi- 
larity of action of antiarin and digitalin. They obtained a primary 
acceleration of the heart rhythm. In toxie doses they observed irregu- 
larities and two types of paralysis. (a) The ventricular contractions 
became peristaltic, so that while one portion of the ventricle was 
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dilated another portion would be constricted, and vice-versé. After 
further action the irregularities became more marked, so that even 
the auricles sometimes did not contract simultaneously. Finally, when 
the ventricles had stopped, small palpitating points were observed upon 
them. (8) Slow diminution both in force and frequency of the beats. 
This sometimes happened before, and sometimes after, a peristaltic phase. 
Braidwood(!5) stated that there was a difference in the action of 
digitalin on the hearts of cold and warm-blooded animals, In cold- 
blooded types the ventricle always stopped in strong contraction, while 
in the warm-blooded forms the ventricle and auricle is always stopped 
on expansion. 

Alfermann(!6) found with frog's heart and small doses of antiarin | 
| there was sometimes a small acceleration, and afterwards the irregu- 
j larities set in. : 
. Hilton-Fagge and Stevenson(!7) and Nunnely working with 

antiarin and digitalin confirmed Dybkonsky and Pelikan’s work, 
and described the peculiar “pouching” of frog’s ventricle which 
~ characterizes toxic doses. This is probably explained by local excita- 
tion of the cardiac muscular fibres, since Schiff and Rossbach and 
| Mc William have obtained a similar phenomenon by a local stimulus. 
1 Milner-Fothergill(@8) tried the action of infusion of digitalin 
| upon minnows. Their ventricles became so strongly contracted that 
there was no visible cavity. The auricle was distended, but, on pricking 
) it and allowing the escape of blood, passed into strong contraction. 
q J. Miiller(9 found that in rabbits during the first stage of asphyxia 
the local action of 00005 gram of antiarin stopped the auricles almost 
| immediately, while the ventricles continued to pulsate for another 
minute, 
| Boinet and Hédon(2® also have recently described the action of 
antiarin on the mammalian heart, and have shewn that it corresponds 
in many particulars to those previously described in the ampbibia. 
4 Dyon(2!) has however recently concluded from work on the mam- 
| malian heart, that the arrest in antiarin poisoning is due to many 
causes, and is sometimes through the medullary centres and at others 
| direct on the cardiac fibre. 
1 Schmiedeberg) found that if a frog’s ventricle poisoned by 
4 antiarin or digitalin be forcibly distended the heart beats are restored. 
He concluded that the stoppage was due to failure of the post-systolic 
relaxation, and hence is due to its action on the elastic properties of 
cardiac tissue. 
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Foster(23) found that this recovery was only effected if the disten- 
sion was performed directly after the stoppage, and that in lethal doses 
the changes are more profound. Gaskell %, experimenting with 
heart apices, has shown that digitalin and antiarin act like an alkali, 
and thus confirms Roy’s(25) view that a direct “idiomuscular con- 
traction” has been induced. 

Donaldson and Stevens(26) found that with digitalin and a 
normal blood pressure the work done by the heart is decreased, but 
that after a rise of blood pressure digitalin increases the work done by 
the heart. Dybkonsky and Pelikan shewed that the hellebores 
might be included in the digitalin group. This was confirmed by 
Hilton-Fagge and Stevensond7). More recently Williams(27) has 
experimented on the frog’s ventricle with helleborein, and has con- 
cluded that the rise of blood pressure which occurs after its administra- 
tion is due to increased work of the heart. He also believed there was 
a change in the distensibility of the ventricle by which it underwent a 
greater diastolic expansion. The doses given are not stated, and in 
connection with this supposed increase of distensibility we may mention 
that Roy includes helleborein in those drugs which induce an “ idio- 
muscular contraction,” while Tschistowitsch (2), experimenting with 
aqueous extracts of the root of the green hellebore, observed a diminu- 
tion in the number of heart-beats. The systoles first became more 
energetic, then peristaltic with imperfect diastoles, and finally the 
ventricles were arrested in extreme systole, while the auricles, though 
in extreme dilatation, continued io beat for some time. 

We can now pass to the action of digitalin on the embryonic heart. 


A. Nov. 12th, 1892. Embryo aged 70 hours. Temperature throughout 
the experiment 30°C. Normal frequency 132 per minute. The digitalin 
used was Schmiedeberg’s preparation. 

At 1.10.0 jcc. of normal saline containing 000022 gr. of digitalin was 
administered. 

1.13.0 Frequency 130 per minute, no visible change in the rhythm. 

1.14.0 Frequency 130 per minute, no visible change in the rhythm. 

1.15.0 Frequency 132 per minute, no visible change in the rhythm. 

1.17.0 40e. of normal saline containing 000022 gr. of digitalin. 

1.20.0 Frequency 132, no visible change in the rhythm. 

1.21.0 Frequency 132, no visible change in the rhythm. 

1.26.0 10.0. of normal saline solution containing 00005 gr. of N 

1.27.0 Frequency and rhythm normal. 

1.28.0 Frequency and rhythm normal. 
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lc.c. of normal saline containing 0001 gr. digitalin. 

Frequency 92 per minute. Systoles very strong and complete, 
diastoles imperfect. 

Frequency 104 per minute. Systoles very strong and complete, 
diastoles imperfect. 

Frequency 104 per minute. Systoles very strong and complete, 
diastoles imperfect. 

Frequency 104 per minute. Systoles very strong and complete, 
diastoles imperfect. 

le.c. of solution containing 0001 gr. of digitalin. 

Frequency 100 per minute. Rhythm very strong. 

Frequency 56 per minute. Rhythm very strong. There seems 
to be idiomuscular contraction setting in, as the diastoles are 
imperfect. 

Frequency 54 per minute. Same remark as above for rhythm. 

Frequency 40 per minute. Systoles very pronounced, ventricle 
in tonic contraction, auricle distended. 

Heart stops in tonic contraction and is consequently very pale. 

2c.c. of normal saline containing 02 gram of potassium chloride 
was administered, but failed to restore the heart. The heart 
remained in tonic contraction. 


Another type of result is illustrated by the following experiment. 
B. Nov. 13th, 1892. Embryo aged 85 hours. Temperature of experi- 


ment 35°. 


Normal frequency 120 per minute. The same preparation of 


digitalin used. 


At 12.31.0 


12.33.0 
12.34.0 


12.36.0 


12.37.0 


le.c. of normal saline containing 00005 gr. of digitalin was 
administered. 

Frequency 114 per minute. Rhythm very strong. 

Frequency 146 per minute. The beats were also very strong 
both as to systole and diastole. 

Frequency 140 per minute. The systoles very complete. There 
is slight tonic contraction, since the diastoles are imperfect and 
the heart is pale. 

Heart stopped and does not respond to mechanical stimulation. 


The result recorded above in experiment B is not nearly so commonly 
obtained as the result of experiment A“. As it is best obtainable with 
embryos over 80 hours, I at first thought there might be some 
nervous mechanism involved. But the fact of the loss of irritability of 
the whole heart greatly supports its being a direct action on the muscle. 
Experiment A is in accord with the view that digitalin decreases the 


1 2 results out of 10 experiments, i. 6. 20%, 
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frequency and increases the force of the cardiac rhythm. The tonic 
contraction recorded agrees with the idiomuscular contraction Roy and 
Gaskel have described. 

Thus the embryonic heart under the influence of Schmie- 
deberg’s digitalin behaves itself like the ventricular tissue 
of the adult frog’s heart. It is interesting to compare these results 
with those of Romanes (29) on the medusa Sarsa, where digitalin first 
quickens the swimming motions and then progressively enfeebles them 
till they become mere twitches, and the animal dies in strong systole. 
There are considerable resemblances of the action of digitalin on the 
contractile substances of the hydromedusan sarsa and on the myoplasm 
of the embryonic heart. The primary acceleration described in my 
experiment B would then correspond to the acceleration of the systole 
described as a primary action of digitalin on sarsa. There is also a re- 
semblance to the results of the action of digitalin on the crustacean and 
molluscan heart. Thus Plateaus) found that the injection of 5 milli- 
grammes of digitalin into a lobster caused irregularities of its cardiac 
rhythm, followed by stoppage and strong systole, while Lung), using 
smaller doses, obtained an increase of seven beats per minute. With 
larger doses he obtained results identical with those of Plateau. 
Similar depressing results (without a primary acceleration) were ob- 
tained with the heart of Mya arenaria. Primary acceleration followed 
by depression resulted on the application of digitalin to the heart of the 
larva of Corethra plumicornis (Dolgiel(2)). 


Strophanthin’. 

To Pelikan(83) we owe the observation that alcoholic extracts of 
strophanthus act on the hearts of batrachians in a manner similar to the 
drugs of the antiarin group. This observer noted the peristaltic nature 
of the ventricular contraction, the stoppage of the ventricle in extreme 
contraction, the great distension of the auricles, as results of this form 
of heart poisoning. 

It was however by the researches of Fraser(®4), and independently 
those of Polaillon and Carville(35), that an accurate knowledge of its 
action was obtained. Experiments were made on frogs, snails, birds, 


‘ rabbits and dogs, and in all cases there was observed dilatation of the 


auricular and contraction of the ventricular portion of the heart. They 
concluded that the extract of strophanthus was a poison which acted on 


1 The strophanthin used was of Merck’s manufacture, 
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the cardiac muscle of these animals, and that any nervous action if 
present was secondary. Vulpian(86) has corroborated these views, 
especially as to the heart of Helix pomatia, which has additional 
interest since Sheridan-Lea(87) has, after careful histological examina- 
tion, concluded that ganglion cells are absent in the heart of this animal. 
Polaillon and Carville(5) stated that Rhizostome (Scyphomedusa) 
are unaffected by as much as ten milligrammes of their extract of 
strophanthus, but as only three experiments were made, and the results 
are contradictory to those cited with digitalin on meduse, it would be 
advisable to repeat the experiments. The recent and brilliant researches 
of Fraser(38) will be quoted in discussing the results here recorded, 
which are illustrated by the following two experiments. 


A. Oct. 18th, 1892. Embryo aged 70 hours and kept throughout the 
experiment at 32°C. The normal rhythm was 132 per minute. 
At 12.12.45 1c. c. of saline solution containing 00006 gram of strophanthin 

was administered. 

12.13.45 Rhythm in every respect normal. 

12.14.45 Rhythm in every respect normal. 

12.15.45 Rhythm in every respect normal. 

12.16.45 Another le.c. containing 00006 gram of strophanthin ad- 

12.19.0 Rhythm in every respect normal. 

12.36.10 Frequency depressed to 54 per minute, but both systoles and 
diastoles complete. 

12.40.45 Frequency 62 per minute, rhythm slightly irregular, but both 
systoles and diastoles complete. 

12.41.45 Frequency 50 per minute, rhythm slightly irregular, with 
strong systoles and complete diastoles. 

12.43.10 Auricle beating regularly, ventricle in tonic contraction, with 
a few beats. 

12.45.40 The auricular systoles weak, and in a distended condition. The 
ventricle in a state of tonic contraction, giving a few beats. 
The auricular frequency was 42 per minute. 

12.48.10 The auricle gave during the minute 20 beats, with strong 
systoles and perfect diastoles. The ventricle was in tonic 


contraction. | 
12.50.0 Auricle gave 24 beats, with weak systoles. Ventricle in tonic 
contraction. 


12.53.0 Heart stopped auricle in diastole, ventricle in tonic contraction. 
12.54.0 Mechanical stimulus to the auricle in 10 beats, which did not 
spread to the ventricle. 
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12.56.0 A mechanical stimulus to the ventricular end of the auricle 
caused a few reversed and feeble auricular beats which did 
not spread to the ventricle. 

1.6.0 The auricle still responds to mechanical stimulation beating 

either from the auricular or from the ventricular end, ac- 
cording to the application of the stimulus. 


B. Oct. 19th, 1892. Embryo aged 70 hours, temperature throughout the 
experiment 33°C. The normal rhythm was 120 per minute. 


At 12.18.0 1 .o. of normal saline containing 00003 gram of strophanthin 
was administered. 

12.19.0 Frequency of rhythm 102 but systoles very strong. Heart 
paler than is normal. The diastoles imperfect. 

12.21.0 Frequency 108 diastoles only slightly weak, systoles very 
powerful, heart becoming paler than is normal at each con- 
traction. 

12.22.0 Frequency 120, rhythm normal. 

12.23.0 Frequency 120, rhythm normal. 

12.24.30 1 0.0. containing 00006 gram of strophanthin administered. 

12.25.0 Auricles dilated and gave 24 twitches in 30 seconds, ventricle 
strongly contracted giving a few weak twitches. Auricle 
responds to mechanical stimulus which does not visibly 
influence the ventricle. 

12.32.0 Auricles and ventricles fail to respond to mechanical stimuli. 
Auricle dilated, ventricle contracted. 


It will be seen from the above that strophanthin in small doses 
diminishes the frequency but increases the completeness of the ven- 
tricular contraction of the embryonic heart. In larger doses of 00006 
gram it causes irregularities of rhythm, dilatation of the auricle and 
tonic contraction of the ventricle, and finally in the last stage of toxic 
action, the auricle responds to a mechanical stimulus the contraction 
wave starting from the point stimulated but not spreading to the 
ventricle. 

Fraser(39) has recently made exhaustive experiments on the action 
of strophanthin on frogs’ hearts, both isolated and in situ. His results 
with that animal are very similar to those recorded above with the 
embryonic heart. Thus ‘001 gram of strophanthin applied directly to a 
frog's heart after nine minutes action reduced a rhythm 44 per minute to 
36 per minute the ventricular systoles becoming longer and the diastoles 
incomplete. After 15 minutes’ action the ventricle passed into tonic 
contraction, and the auricles were distended but had ample movements. 
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After 41 minutes’ action the heart failed to respond to mechanical 
stimuli. The auricles were dark and distended while the ventricles 
were small, pale, and contracted. In conclusion he writes “The con- 
sideration of the structures affected and of the pharmacological change 
induced in them, has rendered it very apparent that ONE of the 
structures is the cardiac muscle itself. It is directly acted upon by 
strophanthus and the chief result of its action is an increase of its 
contractility rendering systole more prolonged and perfect.“ 

Considering these experiments and conclusion in the light of the 
action of strophanthin on the embryonic heart there can be but little 
doubt that the actions described above of strophantbin are due 
to direct action on the cardiac myoplasm in the embryo, and 
cardiac fibre in the adult frog’s heart. 

The action of strophanthin and digitalin shews that the 
myoplasm of the embryo-chick is very similar to the adult 
cardiac muscle in its reaction to certain chemical stimuli. 
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On the action of Nicotine. 


The action of nicotine is interesting since Langley’, and Langley 
and Dickinson“ have shewn that this drug exerts a selective action on 


i Langley. Proc. Camb. Phil. Soc. Vol. vn. (1890), part 11. 
* Langley and Dickinson. Proc. Roy. Soc. Vol. vn. (1890). 
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nerve cells. The action of nicotine on the heart has been studied for 
many years. Sir B. Brodie’ found that tobacco enemata in the dog and 
cat rapidly stopped the heart in diastole. 

Rosenthal’ experimenting with nicotine obtained with small doses 
a primary slowing of the heart-beat, the length of the diastoles being 
greatly increased (sometimes lasting even one minute). Automatism 
is recovered while the inhibitory fibres of the vagus are still paralysed. 

Jullien’ also observed the primary acceleration of the heart after 
small doses of nicotine. He stated that this acceleration does not occur 
after section of the vagi. In larger doses he admitted that nicotine 
diminished the excitability of the cardiac fibre, and finally destroyed its 
irritability. He also noted that the cardiac depression was greater in 
cold-blooded than in warm-blooded animals. 

Langley and Dickinson‘ have concluded from their experiments 
that there is no excito-motor mechanism of nerve cells in the heart. 
They also noted that the direct application of a 10°/, solution of nicotine 
to the heart causes some tonic contraction of the ventricle. This they 
however ascribe to the alkaline nature of nicotine, since they have 
not observed any tonic contraction when neutralized nicotine or nicotine 
tartrate was used. In concluding this section of their paper they 
write “nicotine acts on the nerve cells and not on the nerve endings 
of the heart“. 

Colas“ believes that nicotine depresses the intracardiac nerve centres 
but that the acceleration is due to a direct action on the cardiac tissue. 
Emile Yung’ found that nicotine caused a great primary acceleration 
followed by depression in the hearts of crabs, lobsters, and Lamelli- 
branch molluses (i.e. solen, mya and anodon). He also observed that 
local application of the poison to the heart caused local arrest while the 


1 Brodie. Phil. Trans. Roy. Soc. Vol. ct. (1811), p. 196. 

2 Rosenthal. Centralblatt f. d. med. Wissensch. Hft. xuvn. S. 737. 

* Jullien. Etude sur la Nicotine. Paris, 1868 (with a bibliography). 

Langley and Dickinson. This Journal. Vol. x1. (1890), p. 278 (with a . 
graphy). 

5 Since Langley and Dickinson (loc. cit.) have shewn that physiological action of 
pituri is identical with that of nicotine it is interesting to note that Gibson (Journ. Anat. 
and Phys. Vol. xv1. (1882), p. 10), found that Duboisia Hopwoodi (a Pituri plant) first 
annuls the cardiac inhibitory mechanism and in larger doses stopped the heart in diastole. 
The actions on the cardio-inhibitory mechanisms of these drugs has been fully worked out 
by Langley and Dickinson. 

* Colas. Comptes Rendus de la Soc. de Biol. Oe série, T. n. (1890), p. 81. 


Lung. Archives de Zool. Expérimentale, T. vit, (1878), p. 480; ibid, T. rx. (1881), 
pp. 429444. 
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remainder of the heart continued to beat. Yung’s observations on the 
crustacean heart have been confirmed by Plateau’. 


My results with nicotine are illustrated by these experiments. 


Experiment A. Nor. 8th, 1892. Embryo aged 81 hours. Temperature 
throughout the experiment 35°C. Normal frequency of heart 92 per minute. 
Strength of the solution of nicotine used was }c.c. of Martindale’s nicotine 
to 100 C. c. of normal saline (65 % of sodium chloride) solution. 


At 1.11.10 4 of cc. of the above named solution of nicotine was ad- 
1.11.30 Rhythm normal in every respect. 


1.12.30 Rhythm normal in every respect. 


1.16.0 Frequency 112 per minute, rhythm otherwise normal. 

1.17.0 Frequency 112 per minute, rhythm otherwise normal. 

1.19.0 1.0. of the solution of nicotine added. 

1.20.0 Frequency 88 per minute, beats weaker than is normal. 

1.21.0 Frequency 86 per minute, beats weaker than is normal. 

1.24.30 Frequency 82 per minute. The systoles are very weak and the 
whole heart in an expanded condition. 

1.27.0 The heart in the same condition as stated in previous record. 
3c.c. of normal saline containing 03 gram of potassiwm 
chloride was added. 

1.28.0 Frequency 96 per minute. The systoles are strong and the 
diastoles are good. 

1.29.0 Frequency 102 per minute. The systoles are strong and the 
diastoles are good. 

1.30.0 Frequency 102 per minute. Same remark as above. 

1.34.0 Frequency 110 per minute. Same remark as above. 

1.35.0 Frequency 110 per minute and rhythm normal. 2 c. c. of above 
named solution of nicotine added. 

1.36.0 Frequency 92 per minute. Beats much weaker. 

1.37.0 Frequency 80 per minute. Systoles very weak. Whole heart 
expanded. 

1.46.0 Heart recovering frequency 98 per minute, but the systoles are 
still imperfect. 14 c. c. of nicotine solution administered. 

1.47.0 Frequency 46 per minute. Systoles very weak. Whole heart 
expanded. 

1.48.0 Frequency 44 per minute. Systoles very weak. Whole heart 
expanded. 

1.49.0 4.0. of potassium chloride solution added containing 04 


gram. 


1 Plateau. Archives de Biologie (Van Beneden’s). T. 1. (1880), p. 683. 
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1.51.0 Heart in extreme expansion with a few auricular twitches. 
1.57.0 Heart in same eondition. 
1.59.0 Heart still expanded and irresponsive to stimuli. 


Experiment B. Nov. 8th, 1892. Embryo aged 80 hours. Temperature 
throughout the experiment 38°C. Normal frequency at this temperature 


100 per minute. Strength of nicotine solution as in above experiment. 


At 12.2.15 
12.3.15 
12.4.30 


12.5.30 


1 c.c. of the solution of nicotine added. 

Frequency 74 per minute and weaker than the normal. 

Heart still beating but the beats are too feeble to count. It is 
extremely expanded. 

Was able to count 60 very feeble beats. The whole blastoderm 
has become anemic. 


12.7.0 and 12.9.0. Beats too feeble to count. Blastoderm very 


12.9.45 
12.11.0 
12.11.45 
12.12.45 
12.13.45 
12.14.45 
12.15.45 
12.17.45 
12.30.0 
12.30.45 
12.31.45 
12.32.45 
12.38. 0 
12.39.0 
12.41.0 
12.43.0 
12.45.0 


anemic. 
2 c. o. of potassium chloride solution added containing 02 grams. 
No change in condition of the heart. 
4 c. o. of potassium chloride solution added = 04 gram. 
No change observed. 
Heart gave a few strong beats. 
Frequency 80 per minute. Beats very strong. 
Frequency 90 per minute. Beats very strong. 
Frequency 90 per minute. Beats very strong. 
Frequency and condition same as previous record. 
Le.. of nicotine solution added. 
Frequency 80 per minute. Beats are weaker. 
Frequency 68 per minute. Beats still weaker. 
Frequency 60 per minute, Beats extremely feeble. 
6 c.c. of potassium chloride solution added = 06 gram. 
Frequency 56 but systoles much stronger. 
Frequency 60 per minute with strong systoles. 
Frequency and condition same as previous record. 


From the above experiments it is obvious that small 
doses of nicotine increase the frequency of the embryonic 
heart, and that larger doses stop it in diastole. Nicotine 
therefore acts directly upon the myoplasm of the embryonic 


heart. 


The acceleration described is very similar to the following which I 
quote from Langley and Dickinson’s paper After a drop of 1% nico- 
tine has been allowed to fall upon a frog’s heart, we have not observed a 
primary slowing to be caused by subsequent applications. Apparently 
the paralysed nerve cells only slowly recover. Not infrequently the 
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second, third, and it may be later applications of nicotine to the heart cause 
for 10 to 15 seconds a quickening of the heart beat, during this quickening 
the beats may become stronger or weaker; in the former case, the 
tracing obtained may be like that obtained by a brief stimulation of the 


sympathetic. After one or two applications, the beat of the heart is for 


a considerable time reduced in rate.” These observers, having paralysed 
the inhibitory mechanism of vagus in the heart by their first application 
of the 1°/, nicotine, have by their subsequent application of nicotine 
obtained a stimulation of the cardiac muscle which is similar to that which 
I have observed on the embryonic myoplasm. A possible explanation that 
my primary acceleration has been of longer duration than that observed 
by Langley and Dickinson on the frog’s heart may be found in the 
smaller doses given in my experiments. My observations also support 
the conclusions of Langley and Dickinson that there is no excito-motor 
mechanism in the frog’s heart, since in the embryonic heart with no 
nervous mechanism the results tally with the frog’s heart which is 
complicated by its nervous mechanisms. These observers have also 
noted in the frog’s heart that the inhibitory action brought about by 
stimulating the sinus, disappears before the augmentor action that can 
be brought about by stimulating the sympathetic. This they explain 
by the exciting action of the electric shocks on the muscular tissue 
overcoming the inhibitory action of the stimulated nerves when the 
latter becomes weak. Another factor which may determine the pheno- 
menon is the fact that smull doses of nicotine by heightening the 
excitability the cardiac fibre render it more responsive to augmentor 
than to inhibitory stimuli. 

My results are also in accord with those of Colas (loc. cit.). 

There is also a remarkable correspondence in the action of nicotine 
on the hearts of decapodan crustaceans and lamellibranchs and that on 
the hearts of embryos and frogs as will be seen by the comparison of the 
results recorded above with those quoted from the researches of Yung 
and Plateau. I must however differ from Yung’s' explanation of the 
expansion of the heart in nicotine poisoning which that writer believes 

to be owing to the contraction of the peripheral vessels. This explana- 
tion is excluded in the embryonic heart’s experiments, as well as by the 


fact that the direct application of nicotine to the isolated frog's heart 


will cause diastolic dilatation. There are however great differences 
between the action of nicotine on the contractile mechanism of the 
medusz and the contractile tissue of the heart. The primary spasms 


1 Archives Exper. de Zool. T. rx. (1881), pp. 489—444, 
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which Romanes' has shewn to exist in the poisoning of these animals 
with nicotine are probably due to the action of the drug on the nerve 
plexuses which the researches of the Hert wigs* and of Prof. Schäfer“ 
have made evident in both Hydromedusans and Scyphomedusans. This 
is further evidence that nicotine “selects” nervous fibrils before it 
attacks contractile tissue. 

We may here recall the statement previously made that potassium 
chloride depresses the embryonic myoplasm without any primary 
excitatory phase and finally stops the heart in diastole. 

It is therefore remarkable that the application of potassium 
chloride to an embryonic heart which has been depressed 
almost to stoppage by nicotine should not only restore the 
rhythm, but raise it above the normal limit“ Possibly this 
may be explained on the chemical theory of antagonism by suggesting 
that the potassium chloride having antagonized a moiety of the nicotine 
leaves free a small quantity of that body to produce its accelerator 
effect by acting on the cardiac myoplasm. Larger doses of the potas- 
sium chloride though they may restore a heart depressed almost to 
stoppage will not produce an acceleration of rhythm above the normal 
frequency while in cases where the nicotine poisoning has been more 
complete, even larger doses of potassium chloride, though they fail to 
increase the frequency of the rhythm yet by improving the systoles 
render it more normal’. In still larger doses there is little doubt that 
the potassium chloride exerts its own depressing effect on the cardiac 
myoplasm. 

Having obtained the antagonism of nicotine and potassium chloride 
and of veratrine and potassium chloride on the embryonic heart the 
question arose whether these antagonisms were characteristic of cardiac 
myoplasm (and since the latter antagonism bas been demonstrated on 
the frog’s heart) and cardiac muscle, or whether they were obtainable on 
contractile tissue generally. 

Miss Greenwood“ has found that a 05 p. e. solution of nicotine 
produces an extension of the contractile body of Hydra fusca which 
lasts for half-an-hour, during which time the animal is irresponsive to 
_stimuli. I have experimented with large specimens of Hydra fusca 
and can completely confirm Miss Greenwood’s statements. The 

? Romanes, Phil. Trans. Roy. Soc. Vol. cuxvi. (1876), p. 269. 
2 O0. and R. Hertwig Das Nervensystem und die Sinnesorgane der Medusen.” 
5 Sohäfer. Phil. Trans. Roy. Soc., part u. 1878. 


* See experiment A. 5 See experiment B. 
Greenwood. This Journal. Vol. XI. (1890), p. 582. 


* 
—ͤ —ͤ—ͤ 


EMBRYONIC HEART. 419 


addition of potassium chloride in all strengths does not restore the 
irritability of the animal although in some cases it changed from an 
expanded to a contracted condition after the application of the potas- 
' sium chloride. In other cases no such change was observed. Potassium 
chloride in amounts of 002 gram in 2¢.c. of water caused hydras to pass 
| into a contracted condition in which they were irresponsive to stimuli. 
Nicotine failed to restore the animals. Doses of 0015 gram of potas- 
: sium chloride are apparently innocuous. Veratrine given in doses of 
‘002 gram in 2 C.. of water also caused hydras to pass into a contracted 
or semi-contracted condition in which they were irresponsive to stimuli. 
I have failed to restore their irritability by the application of potassium 
chloride. 
: j As pointed out by Langley and Dickinson“ the direct application 
of a 1 p. c. solution of nicotine to a skeletal muscle causes an increase of 
tone—a slight contraction of the muscle—as well as fibrillar twitchings. 
I have increased the dose up to a 4°/, solution of nicotine when the 
muscle becomes still more contracted and responds but feebly to electric 
stimulation. I have failed to restore the muscle’s power of response to 
stimuli by the application of potassium chloride. It therefore seems 
probable that the antagonisms described above are characteristic of 
cardiac myoplasm and cardiac muscle’. 


On Physiological Antagonism. 


We are now in a position to make a few remarks on the chemical 
theory of antagonism, as far as it occurs, in action of drugs on cardiac 
tissues. The chemical theory of antagonism must rest upon the view 
7 that the stimulation of contractile tissues depends on a chemical 

combination between the acting substance and the contractile material, 
with a resulting new substance, of different chemical constitution but 
still possessing the power of contraction. That these antagonisms of 
drugs occur there is no doubt, the older objections of Rossbach“ having 
been answered by Langley“ and others’. As regards cardiac tissue it 


~ 1 Langley and Dickinson. Op. cit. p. 274. 

2 I may however remark that Brunton and Cash (Brunton’s Pharmacology, 3rd ed. 
p. 493), have antagonized salts of potassium and calcium in skeletal muscles of the frog. 

2 Rossbach, Pfliiger’s Archiv. Bd. xx1. (1879), Hft. 1. 

Langley. Journ. Anat. and Physiol. Vol. x. (1875). Ibid. Vol. XI. p. 173. This 
Journal. Vol. 1. (1878), p. 320. Ibid. Vol. 1. (1880), p. 11. 

5 Vide Ringer and Morshead. This Journal. Vol. u. p. 235. Ringer. This 


Journal. Vol. v. p. 246. 
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has been urged by Schmiedeberg that alteration in the elasticity of 


the contractile tissue may without chemical combination be the cause 
of the change of rhythm. Reference back to the Hydra experiments 
described above will shew that a change from expansion to contraction 
may take place in a contractile tissue, while there is no restoration of 
the power of response to stimuli. It is therefore possible that the 
molecular changes induced by an acting drug may be accompanied by 
changes in the elasticity of the tissue. 

Loew“ has recently shewn that caffeine combines with certain 
portions of protoplasmic cells and caffeine is known to exert definite 
action on contractile tissue. In a previous paper I have shewn that 
egg-albumen will combine with salts of cobalt, and that salts of nickel 
will displace salts of cobalt from the proteid molecule and these again 
will be displaced by salts of copper. In this case we have three metals 
mutually displacing each other by combining with the proteid molecule. 

There is therefore chemical evidence that certain sub- 
stances can loosely combine with the proteid molecule and 
be turned out of their combination by other substances which 
displace them and this lends support to the chemical theory 
of antagonism. 

Further it has been argued that the amount of the drug present in 
certain cases of physiological antagonism is too small for chemical 
combination. In the cobalt, nickel and copper displacements the 
amount of the metal used is almost as small as the amount of the drug 
used in physiological antagonism. Yet the whole nature of the proteid 
molecule is changed as evidenced by its colour reactions. It is also to 
be noted that both potassium salts and nicotine as well as veratrine stop 
the heart in diastole, yet the application of potassium salts tends to 
improve the systoles of a heart that has passed into expansion either 
due to nicotine or to potassium chloride. 

There is therefore evidence that the elasticity of con- 
tractile tissues plays only a secondary part in the mechanism 
of their response to the antagonistic action of drugs. 


Hydrocyanic Acid. 

The main features of the action of this body on the adult 
mammalian heart have long been known owing to the researches of 
Preyer’, who found that the ventricular beats became very irregular, 


Schmiedeberg. Ludwig's Festgube, 1874. * Loew. Op. cit. p. 32. 
3 Preyer. Virchow’s Archiv. Bd. xu. (1867), S. 125, | 
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the contractions at one time being strong while at others were mere 
twitches, arrest was in extreme diastole. He also emphasised the fact 
that the hydrocyanic acid combined with blood. 

My results with the embryonic heart are illustrated by the following 


experiment. 
Nov. 10th, 1892. Embryo aged 73 hours. Normal rhythm 112 per 
minute. Temperature throughout the experiment 30° C. 


At 11.32.30 
11.33.30 


Ie. c. of hydrocyavic solution in normal saline given. 


Frequency 80 per minute. Systoles apparently much stronger 
than is normal. Diastoles good. 


11.34.30 Frequency 60 per minute. Systoles very strong. Diastoles 
weak. 

11.36.30 Frequency 50. Both diastoles and systoles very strong. The 
rhythm is very regular. 

11.39.0 Frequency and remarks as above. A second cc. of the 
hydrocyanic acid solution added. 

11.40.0 Reversed rhythm of 40 per minute. Both systoles and diastoles 
complete. 

11.41.0 Frequency 34 per minute. The rhythm is apparently almost 
simultaneous. I was unable to determine from which end 

| the contraction wave originated. 

11.47.0 Frequency 32 per minute, normal in direction. The diastoles 
are perfect but systoles are weak. 

11.51.0 The rhythm reversed in direction but regular. The systoles are 
weak, 

11.56.0 Frequency 30 per minute and regular. The systoles are some- 
times perfect. At others imperfect. The diastoles are 
constantly good. 

12.1.0 Ie. of solution of 88 acid added. 

12.2.45 Frequency 36 per minute. Both systoles and diastoles good. 

12.3.45 Ventricular frequency 34 per minute, auricles however are 
beating at a higher frequency. 

12.4.45 Ventricular frequency 20 per minute. About one in every 
four of the auricular beats pass to the ventricle. 

12.16.0 Ventricles stopped in extreme expansion. The auricles ex- 
panded, and gave four twitches during the minute of the 
observation. 

12.17.0 A mechanical stimulus started the whole heart with a rhythm 


of 68 per minute. 


1 The strength of the solution used was 10c.c. of hydrocyanic acid of the British 
Pharmacopma to 400 C. e. of normal saline. 


̃ — ˙ 


~ 
i 
| 
a 
4 
iu 3 * 
. 


422 J. W. PICKERING. 


12.18.0 The whole heart stopped in diastole. 

12.19.0 Mechanical stimulus applied to the ventricles caused two beats 
to commence from the auricular end. The heart then stopped 
in diastole. 

12.22.0 Stimulus applied to ventricle resulted in fifty-two beats which 
commenced from the auricular end. Whole heart stopped in 
diastole. 

12.25.0 Mechanical stimulus to ventricle resulted in two beats com- 

meneing from the auricles. 

12.26.0 Similar stimulus resulted in 42 beats, commencing from the 
auricles, Heart finally stopped in diastole. 

12.27.0 The expanded heart fails to respond to mechanical stimuli 

| applied to the ventricle. 

12.28.0 Heart though failing to respond to ventricular stimuli, after 
three touches with a needle of auricles, gives seven complete 
beats. 

12.30.0 Did not respond to either auricular or to ventricular stimula- 
tion. 

12.32.0 Failed to respond to repeated ventricular stimuli, but on 
repeated touching of the auricle with the needle’s point, it 
gave fourteen feeble beats which spread to the ventricle. 
The heart then stopped in extreme diastole. 

12.42.0 Auricular stimulation by needle point caused four feeble beats 

: which did not spread to the ventricle. 

12.47.0 Heart irresponsive to stimuli if applied either to auricle or 

ventricle. It died in extreme diastole. 


The experiment recorded above seems to point to a complex action 
of the hydrocyanic acid. The first action of small doses is to depress 
the frequency of the rhythm but at the same time to apparently improve 
the systoles, while the diastoles are apparently weaker than in the normal 
rhythm. As emphasised by Preyer' hydrocyanic acid combines with 
blood—it is therefore not improbable that the first action is not due to 
the direct action of the hydrocyanic acid upon the embryonic 
myoplasm but to an indirect action as a cyanogen compound of 
hemoglobin. The second application of the hydrocyanic acid results in 
a reversal of the rhythm before impairment of the systoles has set in. 
The reversal of rhythm will be discussed at greater length in a 
subsequent paragraph but we may here note, that in the case of the 
action of hydrocyanic acid and of amyl nitrite it is probable that the 
direct action on cardiac myoplasm is mixed with the indirect action, 


1 Preyer. Op. eit. 
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in the first case of the cyanogen hemoglobin compound and in the 
second case of the methemoglobin. Morphine is another drug which 
produces a reversal of the rhythm of the embryonic heart. 
Morphine has been shewn by Brunton and Cash! to be a powerful 
depressant to the oxidizing power of protoplasm. In methemoglobin 
| the oxygen is in more stable combination with the haemoglobin 
molecule than in the oxyhæmoglobin molecule and consequently the 
oxidization processes of the tissues or cells that are supplied with either 
methemoglobin or cyano-hemoglobin instead of oxyhemoglobin must 
be diminished. It therefore seems that there is some relation 
between the reversal of rhythm and the suspension or inter- 
ference with the normal processes of oxidation in the em- 
bryonic myoplasm. Further it may be urged as negative evidence 
that the drugs caffeine and digitalin which produce profound changes 
in the cardiac myoplasm do not lead to a reversal of rhythm and these 
substances have been shewn by Brunton and Cash“ to improve the 
oxidizing power of protoplasm. | 
The second phase of the action of the hydrocyanic acid agrees with 
the condition discovered by Gaskell* as being characteristic of the 
action of lactic acid on heart muscle. The condition of expansion 
which is induced is probably due to the direct action of the hydrocyanic 
on the embryonic myoplasm, and corresponds to the expansion produced 
by the action of dilute acid solution (eg. lactic and acetic) on the 
embryonic myoplasm. In this second phase of action the auricular 
thythm is dominant over the ventricular rhythm, the ventricles being 
in a condition of greater expansion than the auricles, thus we note that 
the auricular frequency is greater than the ventricular frequency, some 
of the beats are blocked at the auriculo-ventricular junction. When 
this phase passes into its extreme condition we note that ventricular 
stimulation leads the commencement of beats from the auricular end, 
that is, in the normal direction. It is thus probable that the generic 
action of hydrocyanic acid, as an acid, obscures when given in larger 
doses direct to the embryonic heart the specific action which it exhibits 
owing to its cyanogen radicle. The fact that hydrocyanic acid stops 
the adult heart in diastole would seem to shew that its specific action 
also stops the heart in diastole, since the doses given could not have 
been sufficient to change the reaction of the blood. 


1 Bruntonand Cash. St Barts. Hosptl. Reports, 1882. 
2 Brunton and Cash. Op. cit. 
e Gaskell, This Journal. Vol. In. p. 56, 
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Romanes“ found that potassium cyanide first quickened and then 
enfeebled the contractile functions of medusm, the animal finally passed 
into a contracted condition. We here note that there is a marked 
difference in this action to those of hydrocyanic on the embryonic 
myoplasm, and whether this difference is due to the potassium in the 
molecule or to a fundamental difference in the two types of contractile 
tissue I hope to answer by a future series of experiments. 

To summarize my results with hydrocyanic acid I state that :—The 
action of hydrocyanic acid is complex, the first phase, 
being due to that of the cyanhemoglobin formed and 
possible to the depression of the oxidation processes result- 
ing from the substitution of cyanhewmoglobin for the 
normal oxyhemoglobin, the second phase is probably due 
to the action of hydrocyanic acid generically as an acid and 
resembles the well known action of lactic acid on cardiac 
muscle, 


Nitrite of Amyl. 


B. W. Richardson’ found that amyl nitrite caused dilatation of 
the blood vessels in the web of the frog's foot. Also after absorption 
it caused increase of cardiac frequency followed by diminished action. 
Brunton“ found that the number of heart-beats was especially in- 
creased in dogs. He however inclined to the view that its chief action 
was vin the capillaries. 

H. C. Wood“ confirmed many of Brunton’s results, ** believed 
that the reduction of heart frequency was due to direct action on the 
cardiae muscle. By local application to the heart he obtained pro- 
gressive diminution of the rhythmic power without a primary phase of 
acceleration. 

Amez-Droz* also found acceleration of the heart and extreme 
capillary dilatation. 

My results are as follows. 

With small doses produced by evaporation of amyl nitrite within on the 
incubator so that the atmosphere around the blastoderm is charged with the 


1 Romanes. “Jelly Star-fish and Sea-Urchins,” p. 232. Internat. Science Series, 
Vol. L. 

2 Richardson. Brit. Assoc. 1864. Reports 1865, p. 280. 

* Brunton. Journ. Anat. and Physiol. Vol. v. Bericht d. mathem.-phys. Classe 
d. kimigl. Sachs. Gesellschaft der Wissenschaft, 1869. Lancet, 1867. Vol. u. p. 97. 

Wood. Amer. Jour. Med. Sci. Vol. uxn. (1871), p. 39. 

o Amez-Droz. Archives de Physiol. Vol. v. (1873), p. 467. 
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vapour there is a primary acceleration of the embryonic heart which is how- 
ever not well marked. In an embryo beating with a rhythm 96 per minute 
its frequency rose after three minutes’ action to 102 per minute which was 
maintained for four minutes, when the rhythm returned to the normal. 
After ten minutes’ longer action there was a depression of the rhythm to 
90 per minute. 

When given in larger doses dissolved in olive oil direct on the embryonic 
heart (the strength being 3 c. 0. of amyl nitrite to 100 Ce. of olive oil (dose = 
10. of this solution) there was a depression of the rhythm from 124 beats per 
minute the normal to 112 beats per minute. Further applications of 3 0. c. of 
this solution reduced to rhythm 100 per minute and after 1 c. o. of this solution 
had been given the frequency was reduced to 50 per minute and the rhythm 
reversed. The rhythm remained reversed for several minutes, and the heart 
finally stopped in diastole. 


The action of amyl nitrite is interesting because it probably depends 
on the nitro group(NO,). It is also probably complex, part resulting from 
the methæmaglobin formed and part from its own specific action. The 
oxygen in the methemoglobin being more firmly combined than in 
normal oxybemaglobin there is probably a reduction of the oxidation 
processes in the embryonic myoplasm. The relation of this action to 
the reversal of rhythm and diastolic stoppage will be considered in other 
sections. The appearance of Luciani's beats just before the death of 
an embryonic heart poisoned by amyl nitrite favours the view that its 
oxidation processes are diminished, since this abnormality of cardiac 
action characterizes hearts deprived of oxygen. 


Morphine Acetate. 
My results with morphine acetate are illustrated by the following 
experiments. 
A. Dec. 10, 1892. Embryo aged 80 hours.. be dre through- 
out experiment 40°C. Normal frequency 140 per minute. 
At 2.58.0 lc.c. of normal saline containing 0002 gr. of morphine acetate 
was given. 
2.59.0 Frequency 110 per minute. Beats irregalar. 
3.0.45 Frequency 102 per minute. Beats irregular with frequent stop- 
pages. Rhythm reversed that ventricles beat before auricles. 
3.2.25 Frequency 102. Beuts sometimes normal in direction, at others 
reversed. 


3.6.0 Frequency 106. Beats irregular, 2 in direction, 
at others reversed. 
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3.8.0 lc.c. containing 0002 gr. of morphine acetate given. 

3.13.0 Rhythm during last five minutes 74 per minute, and irregular. 

3.15.0 -0002 gr. of morphine acetate given. 

0.17.0 Rhythm very irregular, there being 86 beats in the 3 
sometimes it is very rapid, at others reversed while it may pass 
almost into diastolic stoppage. 

3.19.0 Heart in same condition. 2 

3.20.0 Frequency 112 during the minute but the rhythm extremely 
irregular, shewing same phenomena as recorded above, 

3.23.0 Heart in same condition. 0002 gr. of morphine acetate given. 

3.24.0 76 beats during the minute. General condition unchanged. 

3.28.0 0004 gr. of morphine acetate given. 

3.31.0 68 beats during the minute. General condition unchanged. 

3.33.0 0004 gr. of morphine acetate was given. 

3.35.0 Frequency 60 per minute. Conditions unchanged. 

3.40.0 Rhythm during last five minutes extremely irregular, and averag- 
ing 54 beats per minute. 


Further doses produced similar results to those recorded above with final 
death in diastole. 

B. Dec. 12, 1892. Embryo aged 70 hours at a temperature of 31° 
had a dose of 0001 of morphine acetate. It reduced its rhythm from 134 
beats per minute to 96 beats per minute, and there were no irregularities. On 
rapidly raising the temperature of the heart to 40°O. the rhythm became 156 
beats per minute. Further doses of morphine acetate at the higher temperature 
gave results similar to those recorded in experiment A. 


It is therefore evident that while morphine acetate when 
given at comparatively low temperatures to the embryonic 
heart is a simple depressant at high temperatures besides the 
slowing of the rhythm, marked irregularities, reversal of 
rhythm together with periods of rest alternating with violent 
bouts of rapid beating characterize its action. In both cases 
death is always in diastole. 

The action of morphine acetate at the lower temperature is com- 
parable to its simple depressant action described by Romanes' on 
meduse. 

On the adult heart Blyth? thus describes its action The beats are 
first accelerated then diminished in frequency; but very large doses 
introduced directly into the circulation at once diminish the pulsations 


1 Romanes, Op. cit. 
2 Blyth. Poisons; Their effects and detection, 1884, p. 284. 
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and no acceleration is noticed. The slowing is central in its origin, for 
on the vagi being cut morphine always quickens.” 

Ludwig’ introduced tincture of opium into the mammalian ventricle 
with the result that the rhythm of the heart was reversed. The 
phenomena described as characterizing the embryonic heart under the 
influence of morphine acetate at higher temperatures are thus similar 
to those occurring in the hearts of warm-blooded animals. It will be 
noticed that a rapid increase of temperature will abolish the action 
of the drug (Exp. B) on the heart causing it to beat with a rhythm 
of greater frequency corresponding to the higher temperature. 

It has been shewn by Harley“ that morphine lessened the processes 
of oxidation in the blood. Reference to the section on hydrocyanic 
acid will shew the reader that the formation of cyanhemoglobin by 
that substance, and also the formation of methemoglobin (see p. 425) 
by the action of amyl nitrite on the blood of the embryo must diminish 
the oxidizing power of that blood. Now in the cases where the 
oxidizing power either of the blood or of the contractile substance of 
the embryonic heart is diminished we note an atonic condition and 
reversal of rhythm. Also it is well known that heat favours oxidation 
processes and heat will remove the atonic condition and restore the 
normal sequence of rhythm in a morphinized heart. It is also possible 
that many of the differences that have been recorded between the 
batrachian heart and that of mammals are owing to the difference of 
temperature at which their respective metabolisms go on. 


On Reversed Rhythm. 


The reversal of rhythm which seems to characterize certain phases 
in many forms of heart poisoning in the embryo has been observed 
under a variety of conditions in different hearts. Thus its normal oc- 
currence was discovered long ago by Van Hasselt and Eschscholtz(?) 
in the Urochorda and according to Fol) in many appendicularians. 
Gaskell(4) has shewn that it is easily excited by mechanical stimulation 
in many Selachian hearts, while Mc William) has induced it either by 
mechanical stimulation or by the application of a constant electric 
current in the eel’s heart. The same observer noted it after profound 
vagus inhibition in the same animal. Wesley-Mills(® obtained it by 
mechanical stimulation of the ventricle of the tortoise. Mc William(7) 
extended his observations to the mammalian ventricle and found that a 

1 Ludwig. Lehrbuch der Physiologie des Menschen. Bd. 11, (1861), S. 88. 
2 Harley. Phil. Trans. 1865, p. 678. | 
PH. XIV. 30 


5 
* 
3 


428 J. . PICKERING. 


single induction shock applied to the ventricle during diastole induced 
a single reversed beat and in very excitable ventricles a mechanical, 
thermal, or even a single electrical stimulus may induce a series of 
reversed beats and in any heart, a reversed rhythm may be kept 
up by applying to the ventricle a series of single stimulations of some- 
what greater rapidity than the normal spontaneous rhythm. Reversed 
rhythm is also very easily induced during a cardiac standstill, produced 
by stimulation of the vagus, a single excitation of the ventricles giving 
a single reversed beat, while a series of ventricular excitations gave a 
series of reversed beats. Also reversed contractions sometimes 
occur spontaneously at certain phases of vagus influence. 
Further in hearts of dying kittens and in the hearts of cats poisoned 
by potassium bromide the application of a stimulus to the ventricle, or 
the exhaltation of the excitability of the cardiac tissue by the local 
application of heat will originate a wave contraction from the point 
of application of the stimulus. 

Von Bezold) found that when a frog’s heart has been brought 
to a standstill by the performance of Stannius’ experiment, any 
stimulus if applied to the ventricle will originate a reversed rhythm 
which will often persist for a considerable time. Bernstein) also 
found that if a constant current be applied to heart muscle under the 
same conditions, rhythmic contractions in the direction of the current 
which are reversed by reversing the current result. This was confirmed 
by Foster and Dew-Smith(0 who also have shewn a similar reversal 
of rhythm in the snail’s heart(11) when acted upon by a constant current. 
Ludwig) noted a reversal of rhythm as the result of mechanical 
stimulation of a mammelian ventricle that had been stopped by opium 
poisoning ; while Langley and Dickinson(13) found in frogs’ hearts 
which had been given a small dose of nicotine and inhibited by stimu- 
lation of the sino-auricular line that a touch on the ventricle usually 
causes a single reversed beat. 

May not a possible explanation of these phenomena as well as those 
exhibited by the embryonic heart, be found in the fact that the contractile 
substance of both auricles and ventricles is endowed with automatism, and 
that when owing to external circumstances of a depressing nature whether 
electrical or chemical the functional activity of the auricular contractile 
substance is lowered below that of the ventricular contractile substance 
then a ventricular stimulus which would normally be conducted to the 
auricle is blocked by the debilitated condition of the auricular substance 
and acting locally originates a contraction wave which starts from the 
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point of stimulation? In support of this hypothesis may be urged the 
fact that conductivity is destroyed before the power of local response 
of stimulation. In the case of the spontaneous reversal of rhythm in 
the embryonic heart under the influence of certain drugs, a greater 
depression of the auricular myoplasm than of the ventricular myoplasm 
would cause the automatism of the ventricle to overcome that of the 
auricle and a reversal of the rhythm to take place. If the view put 
forward on p. 423 that the reversal of rhythm is in some degree 
related with diminished or impaired oxidation processes, be approximate 
to truth, it would then seem that the auricular myoplasm of the embryo 
and auricular muscle of the adult was more dependent on ample oxi- 
dation and consequently more depressed by lack of oxygen than the 
ventricular myoplasm or muscle. 

This view is in accord with the greater activity of the auricular 
contractile substance, since greater activity is usually associated with 
more rapid processes of oxidation. 

Another class of reversed rhythm is that which is liable to occur 
during vagus stimulation, the most marked being the spontaneous 
reversal described by Mc William (5) on the mammalian ventricle. Roy 
and Adami‘ have also in the mammalian ventricle shewn that vagus 
stimulation will produce an independent ventricular rhythm and thus 
that the vagus depression of the auricular contractile substance is 
greater than vagus depression of the ventricular contractile tissue. It 
would therefore seem that the same explanation will account for the 
reversal of rhythm in certain phases of vagus action, as in certain phases 
of toxic action viz. that when the depression of the auricular contractile 
substance reaches a certain intensity, then the automatism of the ven- 
tricle becomes dominant and the rhythm is reversed. 


LIST OF PAPERS DEALING WITH REVERSED RHYTHM. 


(1) Van Hasselt. Ann. des Sciences Nat. T. In. (1824), p. 78. 

(2) Eschscholtz Bericht. über die zoologische Ausbeute der Reise von 
Kronstadt bis 8. Peter und 8. Paul. (1825), Bd. xv. 8. 738. 

(3) Fol. Etudes sur les Appendiculaires, 1872. 

(4) Gaskell Jour. Phys. Vol. Iv. p. 78. 

(5) McWilliam. Proc. Roy. Soc. Vol. XXXVnII. p. 108. Jour. Phys. 
Vol. vt p. 192. Proc. Physiolog. Soc. Dec. 13th, 1883. 

(6) Wesley-Mills. Jour. Phys. Vol. vn. (1886), p. 81. 

(7) Me William. Jour. Phys. Vol. Ix. (1889), p. 178—186. 


1 Roy and Adami. Phil. Trans. Vol. 188 (1892), p. 199 to 298. 
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(8) von Bezold. Virchow’s Archiv. Bd. xv. S. 282. 

(9) Bernstein. Nerv. u. Muskel. Abschnitt v. S. 205. 
(10) Foster and Dew-Smith. Jour. Anat. and Phys. Vol. x. p. 735. 
(11) Foster and Dew-Smith. Proc. Roy. Soc. Vol. XXIII. p. 318. 
(12) Ludwig. Lehrbuch der Physiologie. (1861), Bd. u. S. 88. 
(13) Langley and Dickinson, Jour. Phys, Vol. x1. (1890), p. 279. 


Potassium Chloride. N 


With potassium chloride I obtained results that can be illustrated by 
the following experiment. 


Oct. 12th, 1892. Embryo aged 72 hours. Temperature throughout the 
experiment 30°C. Normal rhythm 76 per minute. 


At 2.17.45 Je. o. of normal saline solution was added containing 005 gram 
of potassium chloride. 

2.19.10 Frequency 64 per minute. Beats very regular and strong. 

2.20.15 Frequency 68 per minute. Beats unchanged. 

2.21.0 Same as preceding observation. 

2.26.0 No variation in the rhythm during the past five minutes. 02 

gram of potassium chloride was given. 

2.27.0 Frequency 64 per minute. Rhythm otherwise unchanged. 

2.32.0 02 gram of potassium chloride was given. 

2.34.0 Frequency 50 per minute. Systoles were weaker than is 

normal. 

2.35.0 02 gr. of potassium chloride was given. 

2.36.0 Heart stopped in diastole. 

2.40.0 Expanded heart irresponsive to either mechanical or electrical 

stimuli. 

All attempts to antagonise its action with veratrine failed. 

The above experiment shews that potassium chloride acts upon the 
embryonic myoplasm depressing its functions by weakening the systolic 
power, and finally stops the heart in diastole. It is interesting to note 
that veratrine stops the heart by lengthening out the systoles, and the 
heart stopped by veratrine is like the heart stopped by potassium 
chloride in a state of extreme expansion. Notwithstanding this appa- 
rent similarity of action, veratrine is as will be pointed ont in a subse- 
quent section antagonized by potassium chloride both in its action upon 
the hearts of frogs and embryos (see p. 442). This fact strongly 
militates against the view that alterations of extensibility play an 
important part in the antagonism of drugs acting upon the cardiac 


* 
> 
˖ 
» 
* 
4 
2 


EMBRYONIC HEART. 431 


contractile substance, since both veratrine and potassium chloride tend 
to expand the embryonic myoplasm. 

The failure to antagonize potassium chloride by the action of vera- 
trine may be explained by Langley’s' statement “ A limit is placed to 
(this*) antagonism by the impossibility of giving very large quantities of 
any substance without injuring the tissue by physical processes con- 
sequent on the alteration in the density of the fluids. The antagonistic 
action of alkaloids can only occur within the limits of doses which do 
not seriously alter the tissue by altering the normal rate of diffusion &c.” 
It is therefore probable that potassium chloride has a greater affinity for 
combination with the embryonic myoplasm than veratrine has. The 
paralysing action of potassium chloride on the embryonic myoplasm 
agrees closely with that described long ago by Blake“ on the frog’s 
heart. A more complete knowledge of its action on that animal is due 
to Ringer‘, who found that potassium chloride reduced gradually the 
ventricular contractions until the heart stopped in diastole. It is 


interesting to compare these results with those of Brunton and Cash“ 


who experimenting on the action of potassium chloride on 
blood vessels found that it caused great contraction. It 
would therefore seem that the action described by Brunton and Cash 
was either associated with a nervous mechanism, or that there is a 
fundamental difference between the unstriated fibres of the arterial wall 
and the contractile substance of the embryonic and adult heart. That 
such a difference may exist is probable, since Bradford and Phillips“ 
have shewn that strophanthin exerts little or no constrictor action on 
the renal vessels, while its tonic action on the ventricular muscle is well 
known. This points to a marked physiological difference 
between the unstriated muscle of the arterial wall and the 
more highly differentiated contractile substance of the heart; 
and it is au instance of how the selective action of drugs 
may differentiate the functions of tissues. 

Wernicke and Preyer noted that potassium nitrate was extremely 
toxic to the embryonic heart, while the nitrates of sodium and ammonium 
in comparable doses were innocuous. Reference back to the preceding 
experiment will shew that doses of 005 gram of potassium chloride 


Langley. This Journal. Vol. m1. p. 19. 

2 The antagonism under consideration was atropin and pilocarpine. 

* Blake. Archives Générales de Medicine, (Paris). T. v1. (1839), p. 289. 
Ringer. Practitioner. Vol. xxvut. (1882), p. 1. 

b Brunton and Cash. See Brunton’s Pharmacology, (3rd ed. 1891), p. 281. 
Bradford and Phillips. This Journal. Vol. vit. (1887), p. 122. 
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diminished the frequency of the embryonic heart; now 1 c.c. of normal 
saline solution contains ‘0065 gram of sodium chloride, yet an indefinite 
number of cubic centimetres of normal saline can bathe the blastoderm 
and embryonic heart without influencing the rhythm, if the other 
conditions of the experiment remain unaltered This shews that 
potassium salts are far more toxic to the embryonic myo- 
plasm than sodium salts and is in agreement with the known 
relative action of sodium and potassium salts on other tissues. 


Barium Chloride. 
My results are illustrated by the following experiment. 


Dec. 5th, 1892. Embryo aged 75 hours. Temperature at the commence- 
ment of the experiment 36°C. Frequency of heart-beat at this temperature 
110 per minute. 


At 12.10.30 1 cc. of normal saline containing 0002 gram of barium 
chloride was given. 
12.21.0 Rhythm during last ten minutes remained aparently un- 
0 


12.21.10 0002 gram of barium chloride given. 


12.26.0 Frequency during last three minutes %8 per ṽ No 
apparent change in the character of tie ry; 

12.40.0 Temperature had been allowed to fall graiva! o, 
and the frequency of the rhythm had griadvall it 
attained 140 beats per minute. 

12.56.0 Temperature had fallen to 29°9° and rhythm 42 140 
per minute. 


1.0.0 Temperature 29°9°. Frequency 130 per minut 

1.9.0 Temperature raised to 33°C. Frequency jell to 120 per 
minute. 

1.12.0 Temperature 35°C. Frequency 120 per minute. 

1.15.0 Temperature rapidly raised to 39°O. Frequency 140 per 
minute. Rhythm shews no abnormal characteristics. 

1.46.0 Temperature slowly raised to 42°C. Rhythm during last 
ten minutes was 146 per minute and shewed no abnormal 

147.0 lee. of normal saline containing 0004 gram of barium chloride 
given. 

1.51.0 Rhythm regular at 140 per minute. 

2.0.0 Temperature allowed to fall to 39°C. Frequency 130 * 
minute. 
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2.7.0 Temperature 33°C., and slowly falling frequency during last 
three minutes 110 per minute. 

2.9.0 Temperature fell to 32°C. Frequency 110 per minute. 

2.14.0 Temperature had fallen to 29°8°C. Frequency rose to 120 per 
minute. 

2.17.0 Frequency 120 per minute; temperature 29°6° C. 

2.20.0 Frequency 120 per minute; temperature 29°5° C. 
2.26.0 Frequency 84 per minute; temperature 25° C. 
2.31.0 Frequency 70 per minute; temperature 25°C. 


In larger doses barium chloride acts as a simple depressant and 
finally stops the embryonic heart in diastole, thus giving results like 
those obtained by Blake’ and by Ringer on the frog’s heart. I have 
however failed to antagonise the action of barium chloride on the 
embryonic heart by potassium chloride, even when the depression 
caused by the barium chloride was not very great. I shall however make 
further experiments on this point since barium chloride has obtained 
additional interest owing to its relationship to rigor mortis and blood 
coagulation. The effect of variations of temperature on the action 
of small doses of barium chloride seems to shew that the depressant 
action of small doses of that substance is more marked on the embry- 
onic heart at temperatures near the normal, than at temperatures 
slightly above or below the normal. Extremes of temperature however 
produce their characteristic effect. It is interesting to compare this 
result with that of Ringer“ who found that veratrine had a more 
powerful action on the frog’s heart in warm weather than at lower 
temperatures. 


On antagonism in its relation to the theories of muscular contraction. 


Some years ago Hermann“ laid stress on the similarity between the 
contraction of living muscle and rigor mortis and even went as far as to 
believe that the two phenomena were comparable, and that an incipient 
rigor mortis occurs at each contraction of a living muscle. The pheno- 
mena of idiomuscular contraction were regarded by this observer as 
intermediate between normal contraction and rigor mortis. 

Additional interest was added to this theory when Halliburton‘ 


1 Blake. Archives Générales de Medicine. Paris, 1839. T. vi. p. 289. 

2 Ringer. This Journal. Vol. v. p. 353. 

Hermann. Elements of Physiology (translated by Gamgee, 2nd ed. 1878), p. 297. 
Contains a resumé of Hermann’s arguments. 

Halliburton. Tezxt-Book of Chemical ee p. 408 et seq. 
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found myosinogen and myosin were mutually convertible, the one into the 
other. Halliburton thus writes “it is therefore quite possible that 
during contraction the proteid myosinogen may undergo certain intra- 
molecular rearrangements, perhaps of the same nature as those which 
occur in a far greater degree on the death of the muscle, in each case 
leading to the liberation of acid. But with regard to the formation of 
a clot during contraction, there is one physical change which in 
particular shews there is a great distinction between dead muscle and 
contracted living muscle. This change is the alteration in the exten- 
sibility of the muscle which in rigor mortis is diminished and in 
contraction is increased.” In connection with this point it is necessary 
to reinvestigate the extensibility of (1) muscle in idiomuscular contrac- 
tion, (2) of cardiac muscle in tonic contraction induced by certain drugs, 
like caffeine &c. 

Ringer’ has described on the frog’s ventricle the reciprocal an- 
tagonism between calcium chloride and potassium chloride, and Brunton 
and Cash“ between barium chloride and calcium chloride on the one 
hand and potassium chloride on the other in their action upon skeletal 
muscle. Recently Arthus and Pagès' have shewn that blood plasma can 
be prevented from coagulating by decalcifying it by mixing it with 
a solution of 0°1 per cent. of potassium oxalate. Coagulation sets in on 
the addition of either calcium, barium, or strontium chlorides. There 
is therefore a complete antagonism between potassium oxalate and the 
alkaline earths in their relation to blood coagulation. Ringer‘ has 
shewn that calcium salts play the same réle in rigor mortis that they do 
in blood coagulation, and further he has shewn that while calcium 
phosphate causes persistent ventricular spasm when applied to the 
heart, a mixture of potassium chloride and calcium phosphate con- 
stitutes an efficient circulating fluid and that veratrine will to sume 
extent replace calcium salts in a circulating fluid“. 

There is thus a striking similarity between the antago- 
nism of calcium and potassium salts“ in the changes of 


1 Ringer. This Journal. Vol. v. p. 358. 

? Brunton and Cash. Brunton's Pharmacology, p. 493. 

Arthus and Pagés. Archives de Physiologie, 1890. 

* Ringer. This Journal. Vol. vm. (1887), p. 15. 

5 Experiments will be made to see if veratrine will replace calcium salts in blood 
on. 


GG This Journal. 
Vol. Av. (1898). 
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coagulation; and their antagonism in their pharmacological 
action on the contractile substance of the heart. 

Without forming any premature conclusion it is well to remember 
these relations, in their bearing on the statements quoted above from 
Hermann and Halliburton. et 


On the Tone of the Embryonic Heart. 


That the embryonic heart has a condition of normal tone is shewn 
by the fact that variations of temperature as well as the administration 
of certain substances change the volume of the heart while it continues 
its rhythmic beat. Thus caffeine, digitalin, and strophanthin as well as a 
hypernormal temperature reduce the volume of the living beart, while 
chloroform, strychnine, morphine, nicotine and a subnormal temperature 
reduce the completeness of the systoles. Since Gaskell' has shewn that 
small arteries are brought into an atonic (i.e. dilated) condition by 
acids and into a tonic (constricted) condition by alkalis, I propose to 
discuss together the conditions of tonus of the heart and small arteries. 
On this subject Foster* writes, “It has been supposed that this intrinsic 
tone is dependent on some local nervous mechanism, in the ear at least 
no such mechanism has yet been found and indeed no such peripheral 
nervous mechanism is really necessary.” 

The existence of a normal tone in the embryonic heart strongly favours 
the view quoted above. Those drugs which cause a tonic contraction of 
the embryonic myoplasm, likewise produce a tonic contraction of the 
adult heart, while those drugs which produce an atonic state of the 
embryonic heart also produce an atonic state of the adult heart. From 
this I conclude that the phenomena are in the two cases strictly 
comparable. 

It is probable that the tone of an organ depends on the 
metabolic condition of that organ and consequently drugs 
and temperature variations which alter the metabolism of 
an organ vary its tone. 

Klug“ shewed that oxygen favoured the cardiac pulsations in the 
adult, Fano (op. cit.) in the embryonic heart. 

Carbonic acid according to the same observers depresses the heart 
rhythm in embryo and adult. 


' Gaskell. This Journal. Vol. 11. p. 65. 
1 Foster. Text- Book of Physiol. 5th ed. part 1. p. 329. 
Klug. Archiv Anat. u. Phys. (Phys. Abth.), 1879, S. 435, 
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Adamkiewicz’ believes that the alkalinity of the tissue fluids aids 
the oxidation processes throughout the body, and alkalis have been 
shewn to produce to the tonic state. 

Caffeine and digitalin according to Brunton and Cash’ 
hasten the oxidation of protoplasm; caffeine and digitalin 
are par excellence the drugs that induce the tonic condition. 

Conversely according to the same observers strychnine, 
morphine, nicotine, and veratrine, retard the oxidizing power 
of protoplasm and these are the drugs which produce an 
atonic state. These facts“ together with evidence adduced 
by Gaskell renders it probable that there is some connection 
between the tonic condition and the oxidation processes of 
the tissue in that state. 

It may also be noted that Harley has shown (loc. cit.) that alcohol, 
morphine, quinine, nicotine, and strychnine all diminish the oxidation 
processes of the blood, and that all these substances tend to penne an 
atonic condition of the heart. 


Ammonia. 


The following experiment illustrates the action of ammonium 
hydrate. 


Nov. 28th, 1892. Embryo aged 70 hours. Temperature throughout the 
first part of the experiment 38“ C. Normal frequency 120 per minute. 
At 10.50.0 1e. c. of normal saline containing 00075 of a c.c. of concentrated 
liquor ammonie. 
10.55.0 The rhythm during the past five minutes remained normal. 
Another c.c. was given containing 00075 c. c. of ammonia. 
11.6.0 The four observations during the last eleven minutes shewed 
no change in the rhythm. 
11.7.0 le.c, of normal saline containing 001 ¢.c. of ammonia was 
given. 
11.9.0 Frequency 116 per minute. The systoles seem more complete 
than in the normal condition. 
11.15.0 Frequency 116 per minute. No noticeable variation in the 
characters of the rhythm from the normal. 
11.16.0 lec. containing 001 c.c. of ammonia was given. 
1.17.0 Frequency 114 per minute. The systoles were apparently more 
powerful than in the normal condition. 


1 Adamkiewicz. Archiv Anat. u. Phys. 1879, S. 370. 
* Brunton and Cash. St Bartholomew's Hosptl. Reports, 1882. 
See also sections on morphine, hydrocyanic acid and amyl nitrite in this paper. 
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| 1.22.0 Frequency 130 per minute. Beats very strong. 
1.24.0 Frequency 150 per minute. Beats very strong. 
11.25.0 Frequency 150 per minute. Beats very strong. 
11.31.0 Frequency 150 per minute. Beats very strong. 
11.40.0 Frequency 140 per minute. Beats apparently not stronger than 


| is normal. 
| | 11.45.0 Rhythm as above; 003 of a c. c. of ammonia given. 
11.47.0 Frequency 40 per minute. Heart in an expanded condition. 


12.10.0 Heart in an expanded condition giving feeble systolic twitches. 

Temperature of the atmosphere of the incubator was here 
raised to 42°C. 

12.11.0 Frequency 100 per minute ; but beats very feeble. 

12.11.30 003 of c.c. of ammonia given. 

12.14.0 Systoles too weak to count. Heart in an expanded condition. 

12.15.0 The ventricle gave 100 twitches, but was in an expanded 
condition. | 

12.22.0 The ventricle gave about 120 twitches during the minute. 

They were extremely feeble ; the heart being in an expanded 
condition. 

12.24.0 005 C.. of ammonia solution. 

12.27.0 Ventricle extremely dilated, but gave 100 twitches during the 
minute. | 

12.28.0 009 c.c. of ammonia solution given. 

12.29.0 The twitches of the dilated ventricle are too feeble to record. 

12.30.0 Heart stopped in extreme diastole. 

12.31.0 1 C.. of normal saline containing 005 c.c. of glacial acetic acid 
was added. 

12.32.0 No change in heart’s condition. 3c.c. of normal saline con- 
taining 015 Cc. of glacial acetic was added. No change in 
the tonic condition of the heart was observed. 


As noted in the historical summary Schenk found that the vapour 
of ammonia stopped the embryonic heart. It is evident from the 
preceding experiment Schenk’s dose was far too large and only gave 
the final action recorded above without the primary acceleration. It 
will also be noted that small doses of ammonia do not influence the 
frequency of the embryonic heart. After further administration a phase 
ensues when the frequency is diminished, and as far as I am able to 
judge without a graphic record is associated with an increase of force of 
the beats. A still further increase of the dose which in the case of the 
experiment recorded in this paper had reached a total of 005 of a c.c. of 
strong ammonia caused the frequency of the heart to increase greatly 
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—30 beats per minute above the normal—, while the beats were 
apparently much stronger than in the normal condition. A further 
increase of 003 c.c. of strong ammonia in 1 cc. of normal saline 
introduced the final stage of depression in which the whole heart was 
expanded. Several attempts were made to restore the heart to its 
normal condition by the application of varying quantities of acetic 
acid at different phases of the action of the ammonia, but with 
negative results. It therefore seems that action of ammonia on the 
cardiac myoplasin is different from the action of simple alkali which 
Gaskell’ has antagonized by acid on the adult heart and which is also 
antagonized by acid on the embryonic heart. A curious effect of large 
and fatal doses of ammonia is the rupture of the vessels of the blasto- 
derm. Thus in a 70 hour embryo with a powerful rhythm of 150 beats 
per minute, I c.c. of normal saline containing 006 c.c. of strong ammonia 
stopped the heart in extreme expansion, at the same time causing local 
hemorrhages in the blastoderm. Since the expanded condition of the 


heart shews that its action is not producing a high tension in the 


capillaries, this result is probably due to direct action on the capillaries 
themselves. 

The stimulant effect of ammonia on the embryonic heart is similar 
to that recognized by Brunton“ on the adult heart. 

Ringer“ has shewn with the frog’s ventricle that the introduction of 
ammonia into the circulating fluid produces undulations in the cardiac 
trace during the diastolic pause, while “under larger and larger doses the 
diastolic dilatation after each rhythmic contraction becomes less and less, 
until finally the diastolic dilatation fades away, and the trace becomes a 
slightly wavy line.” 

These observations are in marked contrast with the extreme diastolic 
_ dilatation produced by the action of ammonia on the embryonic myo- 
plasm. Whether this difference of action is owing to the action of the 
ammonia on the fine nerve terminations which may exist in the 
ventricular substance of the adult heart, or whether it is due to an 
intrinsic difference of the two forms of contractile tissue I am unable to 
decide. The difference between the two types of action is a difference 
of tone and will be further considered in section on tone. 

The following experiment was made with tetraethyl-ammonium 


1 Gaskell. This Journal. Vol. m1. p. 57. 
* Brunton. Text. Book of Pharmacology. (8rd ed.), p. 328. 
* Ringer. This Journal. Vol. 11. p. 195, 
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hydroxide in which four ethyl groups replace the four hydrogen atoms 
of the ammonium base. | 


Dec. 3rd, 1892. Embryo aged 60 hours. Temperature throughout the 
experiment 38°C. Normal rhythm 74 per minute. 


At 11.15.0 1c. of normal saline containing 00075 c. c. of tetraethyl-am- 
monium hydrowide was added. 

11.16.0 The rhythm remained unchanged. 

11.17.0 The rhythm remained unchanged. 

11.27.0 The rhythm the past ten minutes remained normal. 

11.32.0 The rhythm during the past five minutes remained normal. 

0002 c.c. of the substance was given. 

11.34.0 No change in the rhythm. 

11.38.0 Rhythm unchanged. 012 C. e. of the body given. 

11.39.0 Heart passed into an expanded condition, in which it was 

irresponsive to stimuli. 

The above experiment shews that the general action of tetraethy]- 
ammonium hydroxide on the embryonic heart is similar to that of 
ammonium hydroxide. Owing to my supply of the former substance 
failing I have been unable to make further observations to see if a phase 
of stimulation occurs in its action. 

It is however evident that the introduction of the ethyl groups into 
the ammonium molecule does not influence its action on the tone of the 
embryonic heart. 


On the Action of Veratrine. 


H. C. Wood' who made numerous experiments on the action of 
sulphate of veratrine on mammals and birds found that it depressed 
their cardiac rhythm. This primary depression was often followed by 
an increase of both force and frequency of the rhythm which were how- 
ever attributed by Wood to the asphyxia that was setting in. In some 
of the experiments on pigeons the heart beats become too frequent to 
record. 

Ringer’ has found that veratrine when introduced into the frog’s 
ventricle lengthens out its systole and by depressing the reparative 
processes of the ventricle stopped it in diastole. He also noted that 
veratrine has a more powerful action in hot than in cold weather. 
In hot weather it causes irregularities, and in larger doses even 


1 Wood. Amer. Jour. Med. Sci. Vol. Lx. (1870), p. 86. 


* Ringer. This Journal. Vol. v. pp. 46 and 353. Practitioner. Vol. xxx. (1888), 
p. 17. 


* * * 
2 
a 
4 
7 
‘g 
. 
4 
. 
> * 


440 J. W. PICKERING. 


incoordination of the heart’s rhythm. To Ringer we also owe the 
discovery that veratrine and potassium chloride are reciprocally an- 


tagonistie in their action on the frog’s ventricle, and that this 


antagonism is complete in cold weather, while in hot weather though 
potassium chloride will completely antagonise veratrine yet potassium 
chloride is only partially antagonised by veratrine and from these 
observations he concludes that there is probably a limit to antagonism 
in warm blooded animals. 

My results with veratrine on the embryonic heart are illustrated 
by the following experiments. | , 


Oct. 28, 1892. Embryo aged 72 hours. Temperature throughout the 
experiment 38°C. Normal rhythm 92 per minute. 


At11.1.25 le.. of normal saline containing ‘0001 gram of veratrine was 
given. 


11.2.25 Frequency was 96 per minute. Rhythm otherwise normal. 

11.3.25 Rhythm as above. 

11.4.25 Rhythm as above. 

11.5.25 Rhythm as above. 

11.6.30 A second e. o. containing 000i gram of veratrine given. 

11.10.0 Rhythm during the last four minutes unchanged. 

11.11.0 Frequency fell to 82 per minute. No other apparent change in 
the rhythm. 

11.15.0 Rhythm during last four minutes constant at 82 per minute. 

11.15.5 <A third dose of 0001 gram of veratrine was given. 

11.16.5 Frequency 100 per minute. Rhythm apparently otherwise 

unchanged. 

11.17.0 Frequency 104 per minute. No other change in rhythm. 

11.18.0 Frequency 102 per minute. 

11.19.0 Frequency 76 per minute. The systoles are slightly drawn 
out. 

11.22.0 During the last five minutes the rhythm remained as in the 

preceding observation. 

11.23.0 1e.c. of normal saline containing 0002 gram of veratrine was 
given. 

11.25.0 Frequency 52 per minute. The systoles are very drawn out. 

11.30.0 During the last five minutes the rhythm exhibited some 
irregularities varying in frequency from 58 to 52 beats per 
minute. The systoles were very drawn out. 

11.30.10 A dose of 002 gram of veratrine in 1c.c. of normal saline 
given, 

11.31.0 Frequency 82 per minute. Systoles drawn out. 


4 
* 
“4 
A’ 
+ 
4 
J 4 . 


EMBRYONIC HEART. 441 


11.32.0 Frequency 70 per minute. Systoles drawn out. 

11.33.0 Frequency 62 per minute. Systoles more drawn out. 

11.35.0 Frequency 58 per minute. Same remark as above. 

At this juncture the temperature of the air of the incubator was rapidly 
raised to 46°C. The heart resumed its normal rhythm and the effect of the 
veratrine being removed by heating. 

The action of veratrine on the embryonic heart may be 
summarized by stating that doses of 0001 gram increase the 
number of beats per minute. Larger doses may cause tem- 
porarily an increase of rhythm, but soon depress the heart 
by gradually lengthening the systole which becomes very 
weak, while the diastole is complete. The whole heart stops 
in an expanded condition. 

We note that this result agrees closely with that of Ringer on the 
frog’s ventricle. With regard to the phase where the frequency of the 
rhythm is increased it does not correspond to great increase observed 
by Wood on adult hearts whose explanation is probably not incorrect. 

The fact that heat destroys the action of veratrine on the embryonic 
heart, corresponds to the same observation made by Ringer (loc. cit.) 
on adult cardiac muscle and the observations made by Brunton and 
Cash’ on skeletal muscle. 

It is also interesting to note that Romanes“ has recorded a primary 
phase of excitation in the action of veratrine upon medusm», during 
which both the force and freyuency of the rhythm is increased. This 
phase gives place to one in which the beats gradually diminish till the 
animal rests in diastole. It is therefore probable that veratrine acts 
directly upon the contractile tissue of the medusw and not vid the 
nervous rete. According to Plateau“ veratrine causes a primary 
acceleration and increased potency followed by depression and diastolic 
death on the heart of Carcinus menas. A similar augmentation of the 
beats was described by the same observer on the heart of Homarus, but 
the stoppage was sometimes in systole, at others in diastole. An 
acceleration followed by typical depression and diastolic death was 

recorded by Yung‘ on the hearts of lamellibranchs, and Krukenberg“ 


1 Brunton and Cash. This Journal. Vol. tv. dean Centralbt. f. d. med. Wiss. 


1883, No. 6. 


* Romanes. Phil. Trans. Roy, Soc. Vol. 167, p. 786. 

* Plateau. Bulletin de Acad. Roy. des Sciences de. de Belgique. 2 série, 
T. xuvi. (1878), p. 207. 

* Yung. Archiv Expér. de Zool. T. rx. (1881), pp. 429—444. 


®* Krukenberg. Vergleichend-physiologische Studien. Heidelberg, 1880. S. 168. 
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on that of the crayfish. While the general action of veratrine seems 
constant throughout the vertebrates examined, there seem to be some 
variations within the group crustacea. This fact emphasises the point 
urged in the opening section of this paper that it is dangerous to draw 
inferences from observations on a single group of animals and that the 
comparative method is the most reliable. 

My results on the antagonism of veratrine and potassium chloride 
on the embryonic heart are illustrated by the following experiment. 


Nov. 7th, 1892. Embryo aged 72 hours. Temperature during the experi- 
ment 40°C. Normal rhythm 128 per minute. 


At 12.29.10 lec. of normal saline containing 0005 gram of veratrine was 

given. 

12.30.0 Frequency 120 per minute. 

12.32.0 Frequency 100 per minute. Beats irregular but strong. 

12.34.0 Frequency 68 per minute. Beats irregulur but strong. 

12.35.0 Heart stopped in diastole. 

12.36.0 I.. of normal saline containing Ol gram of potassiwm chloride 
was given. 

12.37.0 Heart recommenced beating. 

12.38.0 Frequency 80 per minute. Beats weak. 

12.39.0 Frequency 96 per minute. Beats stronger. 

12.42.0 Frequency 72 per minute. Beats apparently normal. This 
rhythm was maintained for a considerable period of time, 
until the observation terminated. 


I therefore conclude that the antagonism between veratrine 
and potassium chloride is due to the direct action of the 
substances on the myoplasm of the embryonic heart and on 
the cardiac fibres of the adult heart. It also affords additional 
evidence of the similarity between the contractile substance of the 
heart of the embryo and adult in their response to chemical stimu- 
lation’. 

I have failed to obtain the converse antagonism between potassium 
chloride and veratrine. | 

The higher temperature which is normal in the chick embryo, seems 
to correspond to frog’s heart when warmer, due to a higher tem- 
perature of the surrounding atmosphere, under which conditions its 
metabolism seems to approach nearer to the cardiac metabolism of the 


1 If the embryonic heart is stopped by larger doses of veratrine as for instance by 003 
gram, then potassium chloride fails to restore the rhythm, 
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chick embryo. Another factor in this result may be the greater 
activity of the veratrine acting at the somewhat higher temperature. 
Therefore there seems to be a temperature which in both 
the frog and chick is most favourable for the greatest action 
of veratrine on their respective hearts, while the tempera- 
ture above and below this is less favourable. The most 
favourable temperature is not the same for both types. 


Action of Chloroform and Ether. 


Claude Bernard’ expressed his opinion thus on the relative action 
of chloroform and ether on the heart. As to ether and chloroform, 
their action is almost the same from a physiological point of view, 
excepting there is a difference of intensity in the favour of chloroform.” 
Since this period and up to the present time there has been a wordy 
discussion on the action of these bodies and it is only within the scope 
of this paper to quote the two most divergent schools of thought. 

Mc William“ writes, “There is commonly seen a very striking and 
important difference between the relative influence of the two anes- 
thetics upon certain functions. Ether can abolish the conjunctival 
reflex and induce profound anesthesia with no appreciable direct 
influence on the heart; while chloroform in causing a less deep 
anesthesia—in which the conjunctival reflex is not abolished—may 
cause a marked dilatation of the whole heart.” He further states that 
the weakening and dilating effects of chloroform are sometimes 
manifested in tolerably equal degree, in both auricles and ventricles, - 
but sometimes, more readily upon the auricles, at other times upon the 
ventricles. 

Lawrie? denies the importance of Mc William's observations and 
believes that any cardiac dilatation obtained was probably due to 
pulmonary obstruction. McWilliam‘ replied that in many cases the 
whole of the heart was dilated and that dilatation of the right side 
could not be accounted for by pulmonary obstruction’. 


1C. Bernard. Lecons sur les Anesthésiques et sur l Asphyzia, p. 101. Paris, 1875. 

2 McWilliam. Scientific Grants Committee of British Med. Assoc. Brit. Med. 
Jour. Oct. 11th, 18th and 25th and Nov. Ist, 1890. 

3 Lawrie. Medical Chronicle, Jan. 1891. 

Me William. Medical Chronicle, Feb. 1891. 

5 A ful? account of the discussion is reprinted in the Report of the Hyderabad Chloro- 
form Commission. Bombay, 1891. See also Gaskell and Shore, British Med. Jour. 
1893. Jan. and Feb. paper in progress while this was being written. 
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He has also recently published his tracings“, and answered certain 
objections that have been raised against his views on the cardiac 
1 dilatation said to be induced by chloroform. He writes, It is not 
| _ obviated by the section of the vagus nerves, nor does it depend upon a 
fall of ‘systemic arterial pressure. For evidences of slight expansion 

| begin to shew themselves before the pressure begins to fall. And the 
fact that a fall of pressure brought about by means not directly 
affecting the heart (eg. section of vasomotor nerves) causes no 
dilatation.” 

The following are my results with dilute application of chloroform 
and ether dissolved in normal saline to the embryonic heart. 


A. 16th Dec., 1892. Embryo 75 hours. Temperature throughout the 
Experiment 35°C. The normal rhythm was 120 per minute. 


At 11.0.0 a c. c. of chloroform solution was added. 
11.2.0 Frequency reduced to 110 per minute. Diastole exaggerated. 
11.3.0 Frequency reduced to 110 per minute. Diastole exaggerated. 
11.5.0 Frequency reduced to 110 per minute. Diastole exaggerated. 
11.7.0 Frequency rose to 114 beats apparently normal. 
11.9.0 When frequency was still 114 1 c.. of the chloroform solution 

was added. 

11.10.0 Frequency still 114 but heart in an expanded condition. 

= 11.16.0 Frequency 114 and heart resumed normal condition. 

| 11.18.0 1 0.0. of the chloroform solution applied. 

11,19.0 Frequency 108. Heart in an expanded condition, showing 

| irregularities of rhythm. 

C 11.21.0 Frequency of ventricle 90, but auricle beating at a less frequent 


— — 


| rhythm. The whole heart in a dilated condition. 
3 11.23.0 Frequency recovered to 114 and beats normal. 
a 11.24.0 2c. c. of chloroform solution added. 
. 11.25.0 Heart in an expanded condition with about 80 twitches of the 
| ventricle in the minute. The auricle twitches still more 
feebly. 
11.26.0 Irregular rhythm, ventricle beating more than auricle. 
| 11.26.30 Rhythm reversed. 
| 11.27.00 Fluttering reversed rhythm of about 140 per minute. 
| 11.28.0 Fluttering reversed rhythm of about 140 per minute. 
3 11.29.30 Auricles and ventricles apparently beating simultaneously. 
@ 11.30.0 Rhythm reversed back to the normal sequence in auricle 
and ventricle. 


— — — 


1 Me William. This Journal. Vol. nt. 1892, p. 860. 
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11.31.0 
11.33.0 
11.34.0 


- 11,35.0 
11.37.0 


11.42.0 
11.45.0 
11.47.0 
11.49.0 


11.51.0 
11.52.0 


11.53.0 
12.10.0 
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Very feeble rhythm of 102, normal in direction, heart in an 
expanded state. 

‘Very feeble rhythm of 110 normal in direction, heart in an 
expanded state. 

Auricle stopped in extreme dilatation, ventricle gave 110 very 
feeble twitches and stopped in diastole. 

Auricle gave few feeble twitches and rhythm reversed. 2 

Reversed rhythm of 130 and the beats fairly good and the heart 
but slightly dilated. 
Reversed rhythm in ventricle of 140 but feeble. 
very dilated and beating much less frequently. 
Reversed ventricular rhythm of 120, which passes more often 
into the auricles. 

Heart reversed back to normal rhythm of 120. Auricle very 
dilated, ventricle less dilated. 

Rhythm of 120 normal in direction but very weak. Heart 
extremely expanded. 

2 0. o. of chloroform solution added. 

Auricle stopped in extreme dilatation, ventricle twitches but is 
dilated. 


The auricle is 


Same condition of auricle, a few feeble twitches of the ventricle. © 


Heart stopped in extreme dilatation of both auricle and 
ventricle. 


It was pointed out by Ringer’ that if a frog’s heart be stopped in 


diastole by chloroform the application of a one per cent solution of 
ammonium hydrate will restore the beats almost to their original power, 
In the following experiment I have tried this antagonism on the 
embryonic heart. 


Dec, 16th, 1892. Embryo aged 80 hours. Temperature throughout the 
experiment 30°. Normal rhythm 140 per minute. 
12.50.00 3 0. of chloroform solution administered. 
12.53.0 Frequency 135 per minute. Rhythm normal. 
12.55.0 Frequency 135 per minute. The systoles are fluttering and 
incomplete. The heart is in an expanded condition. 
4 0. c. of chloroform solution administered. 
Heart in extreme expansion. 
substance. 


12.56.0 
12.57.0 


12.58.0 Auricle dilated, ventricle beating fairly well. 

1.0.0 Heart still expanded but beating with a frequency of 135 per 
minute, 
Ringer. Practitioner. Vol, xxvt. (1881), p. 436. 
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1.1.0 
1.3.0 
1.5.0 


1.7.0 
1.8.0 
1.9.0 
1.10.0 
1.12.0 
1.140 


1.16.0 
1.174 


1.19.0 
1.21.0 


1.23.0 
1.27.0 


1.28.0 
1.30.0 
1.30.10 
1.31.10 
1.35.0 


1.40.0 


J. W. PICKERING. 


4c.c. of chloroform solution added. 

Heart in extremely dilated condition, auricle alone twitching. 

Heart still very dilated, auricles stopped, ventricle twitching 
feebly. 

1 c.c. of solution of ammonia administered. 

Ventricular twitches pass to auricle. 

The beats of both auricle and ventricle become more powerful. 

Ventricular beats become more powerful. 

The rhythm is still reversed but has improved in force. 

The auricle beating now before the ventricle. Rhythm of the 
latter 80 per minute with good systoles and diastoles. 

2 c. c. of chloroform solution administered. 

Heart again passed into dilated condition, auricle stopped, 
ventricle beating. 

Auricl beating very feebly, ventricle beating well. 

Auricle stopped in dilatation, ventricle beating fairly well but 
dilated. 

Io. c. of chloroform solution administered. 

Whole heart in extreme dilatation, with an occasional ventricular 
twitch. 

2 0. c. of ammonia solution administered. 

Heart still in extreme dilatation. 

Ventricle commences to beat with slow and complete systoles, 
which pass partially to the auricle. 

Occasional strong ventricular systoles which do not spread to the 
auricle. 

Occasional ventricular twitches which do not spread to the 


expanded auricles. Ventricle also greatly. expanded. 
Same condition of the heart. 


My results with ether are illustrated by the following experiment. 


6th Dec., 1892. Embryo aged 75 hours was exposed to temperature of 
the laboratory in a moist chamber. The temperature of 14° stopped the heart 
in diastole. The embryo was restored to the observing apparatus which was at a 
temperature of 32°. The heart after 10 minutes in the apparatus had not 
resumed beating. The experiment then was commenced. 


11.45.10 lec. of normal saline containing 0033 c.e. of ether was 


11.46.0 
11.47.0 
11.49.0 
11.53.0 


administered. 


Heart starts beating. 


Heart has a regular rhythm of 120 per minute. 
Heart has a regular rhythm of 120 per minute. 
Heart has a regular rhythm of 130 per minute, 
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11.57.0 
11.58.0 
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Heart has a regular rhythm of 130 per minute. 
2 c. c. of solution containing 006 C. o. of ether was administered. 
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11.59.0 Regular heart rhythm of 180 per minute. 
12.15.0 Regular heart rhythm of 132 per minute. 
12.17.0 Regular heart rhythm of 132 per minute. 
12.18.0 lec. of solution containing 0033cc. of ether was ad- 


12.19.0 


12.30.0 


12.32.0 
12.41. 0 
12.48. 0 
12.53. 0 
12.54. 0 


ministered. 

12.20.0, 1.21.0, 12.25.0. Each had a rhythm of 170 per 
minute. 

Same rhythm, 2 c. c. of solution administered containing 006 c. o. 
of ether. 

Heart rhythm 170 per minute. 

Heart rhythm 130 per minute. 

Heart rhythm 130 per minute. 

Ic. c. of solution containing 045 C. c. of ether administered. 

Frequency 140 per minute. Heart expanded and beats feeble. 


12.57.0 lec. of solution containing 06 of c.c. of ether administered. 

12.58.0 Heart stopped in diastole and gave two beats during the 
minute. 

12.59.0 Does not respond to mechanical stimuli. 

1.10.0 Heart evidently dead in diastole. 


From the above experiments it is evident that there is a 
marked difference in the action of ether and chloroform on 
the embryonic heart. Chloroform depresses the rhythm to 
diastolic stoppages of both auricle and ventricle, though it 
seems to be more toxic to the auricular substance than to 
the ventricular substance. Ether in moderately large doses 
stimulates the embryonic heart and only after very large 
doses kills it in diastole. 

In my experiments there are obviously no complications possible 
owing either to increased arterial tension or to the influence of a 
nervous mechanism. The objection that might be raised to applying 
results from the embryonic to the adult heart, will I trust be removed 
by considering the remarkable similarity of the action of poisons of the 
digitalin group on the embryonic myoplasm, to their action on the 
adult cardiac fibre. It may also be remarked that adult cardiac fibres 
are in many respects primative; as for instance, their transverse 
striations are but feebly marked. These observations therefore favour 
the views advanced by Mc William on the essential differences of the 
action of chloroform and ether on cardiac fibres, but of course do not 
give any answer, as to at what stage in chloroform anesthesia 
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dilatation is liable to set in. The partial recovery that takes place in 
ventricular myoplasm that has been previously poisoned by chloroform, 
on the addition of ammonia, is in accord with the experiments cited 
above by Ringer on the frog’s ventricle. 

We may here record the difference between the embryonic heart 
and that of decapod crustaceans under the influence of chloroform. 
The ultimate depression of the frequency and force of the cardiac 
rhythm of the latter is preceded by a stage where the beats become 
more ample’. This period of exaltation of the rhythm is absent in 
the embryonic heart. | 


Muscarin and Atropin. 


The intimate relationship between the action of these two drugs 
renders their consideration together desirable. 

A. Muscarin. The earlier phenomena observed with this substance 
on the heart and its antagonism with atropin were ascribed by 
Schmiedeberg ) and his school to its action on the “motor ganglia” 
of the heart. Owing chiefly to the researches of Gaskell(2) who 
shewed that muscarin acted like an acid solution, and atropin like an 
alkaline solution, many physiologists now regard their action as direct 
upon the cardiac muscle. The present view of the subject is thus 
summarized by Foster, ) “we have evidence that atropin acts either 
on the muscular tissue itself or on the very endings of the nerves in 
the muscular fibres. And as in the case of atropin, so in the case of 
muscarin, there is evidence that the drug acts not on any ganglionic 
mechanisms but on the cardiac tissue itself.” 

Liwit() who has made experiments on the conjoint action of 
strychnine and muscarin, and who also states that strong doses of 
curare do away with the muscarin standstill concludes that 
“das Muscarin in erster Linie die nervösen Apparate des Herzens über- 
haupt, und erst in zweiter Linie den Herzmuskel beeinflusst.“ 

Ransom(5) who worked with the hearts of cephalopods found that 
one milligram of muscarin stopped their hearts in diastole, the stoppage 
being often preceded by the appearance of Luciani’s beats, The 
stoppage occurs even after the animal has been curarized but a “further 
addition of moderate or a rather large dose of curare may frequently 
restore the rhythm overthrown by muscarin.” Ransom believes that 
the antagonism is due to both poisons acting on the muscle, 

Fano(®) states that mechanical excitation of the auricles and more 


See F. Plateau. Association Francaise des Sciences. 7 session, 1878, p. 735. 
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rarely of the ventricles of the frog causes variations of the cardiac tone. 
Muscarin paralyses the systolic function of the heart, but leaves intact 
the tonic function. On the contrary these oscillations of cardiac tone 
are destroyed by atropin, nicotine and veratrine. 

Yung(7) experimenting with the heart of Mya arenaria found that 
after a muscarin injection the cardiac rhythm rose from the normal six 
beats per minute to twelve beats per minute. Krukenberg(®) who 
used muscarin nitrate of Merck’s manufacture and who performed 
control experiments on the hearts of frogs found that local injection or 
direct application to Salpas’ hearts (Ascidians) did not influence their 
rhythm. Roy and Adami(®) write of the action of muscarin on the 
mammalian heart “that complete arrest of the auricles, the ventricles 
being left entirely to their own intrinsic mechanism does not itself 
necessarily cause temporary arrest of the ventricles such as may be 
produced by strong vagus action.” 

In a preliminary communication to the Royal Society I pointed 
out that muscarin nitrate has no specific action on the hearts of chick 
embryos. Since writing that paper I have found that two observers 
whose observations seem to have been neglected in England have 
obtained similar results, Krukenberg in a footnote of his work writes 
„Sowohl Atropin als Muscarin sind, wie ich an einem andern Orte aus- 
führlicher mittheilen werde, auf das lebhaft pulsirende Herz des 
Hiihner-Embryos in seinen ersten Entwickelungsstadien unwirksam,“ 
while Kobert (io) states that muscarin has no action on the heart of 
chick embryos in all stages of their embryonic life, but that on the heart 
of chicklings just hatched it shews its typical action. 

Kobert has also made observations on tadpoles’ hearts and finds 
that they are typically affected by muscarin. He concludes that in 
the free-swimming condition, the nervous mechanism of the heart is 
more developed, and that in the protected life of incubating egg it remains 
in a retarded condition. My results with muscarin nitrate which was 
obtained from Martindale’s and which was shewn to be active by 
the performance of control experiments with frogs’ hearts at the same 
time as the embryo-experiments were made are illustrated by the 
following tables. 


I. Nov, 18h, 1892. Ewbryo aged 75 hours. Temperature throughout 
the experiment 30“ C.. Normal frequency 40 beats per minute. 


1 We may here remark that temperature is subnormal in the chick and therefore the 
absence of muscarin effects is not the result of a high temperature, since Petri(@ has 
shewn that heating a frog’s heart removes the muscarin standstill, 
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lc.c. of normal saline containing }c.c. of satwrated solution of 
muscarin nitrate. 

Frequency 41 per minute, no observable change in the rhythm. 

Frequency 41 per minute, no observable change in the rhythm. 

Frequency 41 per minute, no change. 

2 c.c. of saline containing } c. c. of saturated muscarin nitrate. 

Frequency 41 per minute. No change in the rhythm. 

Rhythm during last eight minutes unchanged. 

Rhythm during last five minutes unchanged. 


II. Mov, 24, 1892. Embryo aged 72 hours. Temperature throughout 


12.7.0 
12.8.0 
12.9.0 


12.13.0 


12.16.0 
12.17.0 


12.20.0 


12.21.0 
12.22.0 
12.23.0 
12.27.0 


12.28.0 
12.30. 0 
12.32.0 
12.34.0 
12.37. 0 
12.40. 0 


the experiment 35 C. Normal frequency 92 per minute. 
At 12.6.0 


2 drops of half saturated solution of muscarin nitrate added. 

Frequency 92 per minute and rhythm unchanged. 

Frequency 92 per minute and rhythm unchanged. 

Rhythm unchanged. 2 drops of half-saturated solution of 
muscarin nitrate added. 

Rhythm during last four minutes was unchanged at 92 beats per 
minute. 4 drops of half-saturated solution of muscarin 
nitrate were given. 


Rhythm during last three minutes unchanged. 


2 drops of half-saturated solution of muscarin nitrate were 
given. 

Rhythm unchanged. 2 drops of satwrated solution of muscarin 
nitrate added to the fluid over the embryonic heart. 
It stains the embryo brown. 

Frequency 91 per minute. Rhythm unchanged. 

Frequency 86 per minute. Rhythm unchanged. 

3 drops of satwrated solution of muscarin nitrate given. 

Rhythm during last four minutes was 82 per minute. Beats 
normal. 2 more drops given. 

Rhythm unchanged at 82 per minute. 

Beats slightly irregular. Frequency 68 per minute. 

Beats slightly irregular. Frequency 80 per minute. 

Beats regular and frequency 78 per minute. 

2 drops of saturated solution added. 

Frequency 65 per minute and rhythm shewing no abnormalities. 


III. Nov, 25th, 1892. Embryo 100 hours. Temperature 40°C. Normal 

frequency 96 per minute, 

1 drop of saturated solution of muscarin nitrate in 1 0.0. of 
normal saline given. 

Frequency 96 per minute. No change in characteristics of the 
rhythm. 


11.17.0 


11.00 
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11.22.0 Frequency 96 per minute. No change in characteristics of the 

rhythm. 

11.23.0 The rhythm became irregular and reversed, frequency was 

76 beats per minute, but there were in the middle of the 
| observation diastolic pauses of about two seconds each. 

11.26.0 Rhythm during last two minutes was normal at 96 beats per 

minute. 

12.26.0 Rhythm normal. 3 drops of saturated solution added. 

12.29.0 Frequency during last three minutes 100 beats per minute. No 

change in the rhythm. 

12.33.0 No change from above record. 

12.34.0 2 drops of saturated solution given. 

12.40.0 No change from above record. 

The direct application of saturated solution of muscarin nitrate to the 
embryonic heart stops its beating, at the same time coagulating the sur- 
rounding tissues. Probably any strong alkaloidal substance would produce the 
same result. The abolished rhythm is not restored by the application of 
atropin, neither are there any typical muscarin phenomena. 


B. Atropin. Von Bezold and Bleobaum(!2) found that with 
small doses of atropin there was an acceleration of the heart, and they 
concluded that atropin both paralyses the endings of the vagi and also 
acts on the cardiac muscle. 

Of frogs Meuriot(13) wrote, “Chez ces animaux l’atropine parait 
agir directement sur le muscle cardiaque dont il détruit l’excitabilité.” 

Gaskell' shewed that if atropin were applied to sinus and auricles 
it depressed both auricles and ventricles, but that if applied to the 
ventricle alone it had only a slight effect. To him also we owe the 
discovery that when a heart is stopped by atropin there is a positive 
electromotive variation of the cardiac, comparable to the positive 
electromotive variation concurrent with the standstill resulting from 
stimulation of the vagus while a negative electromotive variation ac- 
companies the muscarin standstill. Gaskell leans to the view that 
the action of atropin and consequently of muscarin is direct upon the 
cardiac muscle. 

Romanes (10 who experimented upon Sarsa and Tiaropsis amongst 
the medus, found that in Sarsa atropin caused the swimming move- 
ments to become convulsive. The systoles next became feeble, and 


1 An abstract of Gaskell's work is omitted, since all physiologists are or should be 
conversant with it in the original. Only those points touched in the critical portion of 
this paper are mentioned. 
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finally ceased. The nectocalyx and manubrium passed into tonic con- 


traction, but muscular irritability remained after tentacular 
irritability had ceased. In Tiaropsis the characteristic action was 
convulsive bouts of irregular systoles. Schotten (% stated that atropin 
diminished the heart-beats of the lobster. Jordan tie) stated that 
atropin did not influence the lobster’s heart. Schotten’s statement 
has recently been confirmed by Plateau(!7) who with small doses of 
atropin obtained a primary acceleration, with larger doses a considerable 
depression of the heart’s action. With a dose of 05 gram he depressed 
a normal rhythm of 120 beats per minute to 74 beats per minute. 
Dolgiel(@8) found that a solution of atropin sulphate (strength not 
given) caused only a slight diminution in the frequency of the cardiac 
rhythm of the larva of Corethra plumicornis. Yung writing of the 
action of atropin on lamellibranch molluscs’ hearts states, Le sulphate 
d’atropin administré a trés fortes doses, ne produit pas des effets sensibles 
sur les Lamellibranchs.“ 

Krukenberg states that neither atropin nor muscarin influence 
the hearts of Salpw (Ascidians), while helleborin shewed a marked 
action. 

Ransom states that atropin in doses of ‘25 milligram primarily 
has a marked stimulant action on the hearts of Cephalopods, it after- 
wards causes idiomuscular contraction of the cardiac muscle and finally 
the heart stops in systole. Its action closely resembles that of digitalin 
on the frog’s heart. When atropin is given to a cephalopod heart that 
has been muscarized it usually only changes the tone of the heart and 
only in “one or two cases atropin caused a restoration of rhythm.” 

My results with atropin on the embryonic heart are as follows: 


I. Nov, 1st, 1892. Embryo aged 75 hours. Temperature throughout 
the experiment 35 C. Normal rhythm 112 per minute. 


2.59.30 1 cc. of normal saline containing 012 gram of atropin 


given. 

3.0.0 Frequency 112 per minute. No observed change in the 
rhythm. 

3.1.0 Frequency 104 per minute. No observed change in the 
rhythm. 


3.2.0 Frequency 96 per minute. No observed change in the rhythm. 

3.5.0 Frequency 80 per minute. No observed change in the rhythm. 

3.5.30 $cc. of normal saline containing 012 yram atropin 
given. 


3.6.30 Frequency 64 per minute. No observed change in the rhythm. 
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3.10.30 During last four minutes rhythm remained unchanged. I C. o. 
containing 024 gram of atropin given. | 

3.13.30 No change in rhythm. g .o. containing 06 gram of atropin 
given. 

3.18.0 The rhythm during the last five minutes shewed no visible 
change in characteristics and had a frequency of 60 per 
minute, 

3.18.30 }c.c. containing 06 gram of atropin given. 

3.25.0 During the last seven minutes the rhythm was maintained at 60 
per minute. 

3.25.30 f c.. containing 06 gram of atropin given. 

3.28.0 Rhythm during last three minutes unchanged. 

3.28.30 Jo. o. containing 06 gram of atropin given. 

3.35.0 Rhythm during the last seven minutes unchanged. 


During this experiment more than 275 gram of atropin 
was given direct on the embryonic heart and the rhythm was 
maintained at 64 beats per minute. 


II. Nov, Ind; 1892. Embryo aged 78 hours. Temperature during the 
experiment 38°C. Normal rhythm 138 per minute. 


At 1.14.0 3%. of saline containing 001 gram of atropin was given. 
1.15.0 Frequency 128 per minute. Rhythm apparently otherwise un- 


0 

1.17.0 Frequency fell to 110 per minute. No change iu characteristics 
of rhythm observed. 

1.18.0 Fe. containing 002 gram of atropin given. ‘ 

1.22.0 Frequency during last four minutes 90 per minute. No other 
change in the rhythm observed. 

1.23.0 }c.c. containing 002 gram of atropin given. 

1.26.0 Rhythm the last three minutes unchanged. 

1.27.0 }c.c. containing 002 gram of atropin given. 

1.33.0 Frequency 86 per minute. No change in observed characteristics 
of the rhythm. 


In the above experiment ‘007 gram of atropin was given 
direct on to the embryonic heart, and the rhythm was depressed 
from the normal 138 beats per minute to 86 beats per minute. 
It will be noted that the primary depression, caused by a 
comparatively small dose of atropin is relatively much greater 
than the further depression which results from the addition of 
much larger doses. These results are in marked contrast with the 
observations of von Bezold who found in the rabbit that one decigram 
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of atropin caused not only a cessation of the heart-beats, but a loss of 
irritability of that organ; also with those of Ringer and Morshead(!9) 
on the frog, and Gaskell on the frog and tortoise, who found that 
atropin stopped the rhythmic action of the heart. 

C. Theoretical Conclusions. It is evident from the preceding obser- 
vations that to fully understand the action of atropin and muscarin 
on contractile tissues and their correlated nerve supply (if present) it 
will be necessary owing to the wide divergences of action on the hearts 
of different animals to examine its action on a far larger number of 
types than has at present been done. It also seems that conclusions 
drawn from the action of these drugs on the hearts of a single class 
of animals are not necessarily applicable to other classes of animals. 
This is in marked contrast to the action of drugs of the digitalin 
group, where there is almost an identical action throughout both 
vertebrate and invertebrate types. In the case of this group the close 
resemblance of their action on the embryonic myoplasm, to their action 
on the adult heart, renders it extremely probable that in the latter case 
their action is direct on the cardiac fibres. A similar correspondence 
between the action on the embryonic and adult heart in the caffeine 
group, in ammonia, veratrine and barium chloride strongly favours the 
view that the embryonic myoplasm is in its metabolic activity very 
similar to adult cardiac muscle. Yet in the action of atropin and 
muscarin there is a marked divergence of action. The statement 
of Kobert that freshly-hatched chicklings are influenced typically by 
muscarin shews that the adult avian is influenced by this drug, and 
excludes the view that there is an intrinsic difference between the 
metabolic activity of the fowl’s heart and those of batrachians, 
chelonians, and mammals. 

If Fano’s statements that muscarin leaves intact the tonic variations 
of cardiac muscle, while veratrine, a drug which acts principally if not 
entirely upon cardiac muscle, abolishes these tonic variations are correct, 
it shews that the action of muscarin is more complicated than had 
previously been considered. Atropin by abolishing tonic variations 
seems to act more as a muscle poison, and it will be noted that atropin 
though it acts on the embryonic heart in far less marked a manner 
than on the adult heart yet it exerts a not inconsiderable action. It is 
interesting to note that both atropin and curare which paralyse the 
vagus mechanism (I purposely avoid reference to nerve endings) of the 
heart have been shewn by Löwit and Ransom (op. cit.) to restore the 
rhythm of muscarinized hearts. 


| 
| 
? 
‘ 
3 
9 


EMBRYONIC HEART. 455 


Claude Bernard(20) has stated that curare paralyses the nerve 
endings of the hearts of frogs, lizards, and rabbits while it leaves the 
muscular mechanism intact. I have however found with experiments 
on frogs’! hearts that if a very large dose of curare be injected into the 
dorsal lymph sack, it stops the heart in diastole presumably by 
depressing the rhythmic power of the muscle. 

That atropin should act typically on the heart of the lobster is not 
remarkable since Berger) has found ganglion cells in the posterior 
portion of its heart. It therefore shews in the possession of both 
ganglionic and muscular elements a general similarity to the frog’s heart. 
The low differentiation of the nervous system in ascidians is interesting 
in relation to the statements that neither atropin nor muscarin affect 
their hearts. It is I think probable from the action of muscarin and 
atropin on the animals mentioned that the original view of the action 
of atropin and muscarin vid the cardiac ganglia is insufficient to account 
for the phenomena. As regards the rival view which reduces the 
ganglia to comparative insignificance in the rdle of the heart's action and 
exalts the importance of the cardiac fibre, from the facts before me, 
especially the evidence of the embryonic heart, I am inclined to think 
that besides the very important factor of the inherent rhythmic function 
of the cardiac fibres, there may be variations in the action of the heart 
produced by direct chemical stimulation of the terminations of the 
cardiac nerves, It is not improbable that muscarin and atropin act 
primarily on these terminations, and that the paralysis obtained so 
markedly by the action of atropin and muscarin on batrachian and 
chelonian hearts is secondary. This is supported by the statement 
cited from Gaskell that the ventricular tissue is affected much less by 
atropin than is the auricular tissue, and presumably the nerves are more 
scantily distributed in the ventricular substance than in the auricular 
substance. I will also call attention to observations quoted from Roy 
and Adami on muscarin. Also in connection with this hypothesis I 
may remark the resemblance of the action of atropin to a vagus stand- 
still and of the action of muscarin to a sympathetic standstill, both of 
which are probably produced vi the termination of those nerves on the 
cardiac muscle, and in the case of the sympathetic there are valid 
reasons to believe without the intervention of ganglion cells within the 

substance of the heart. This shews that the nerve terminations when 
_ thrown into natural activity by a “normal nerve stimulus” produce 
effects similar to those caused by the action of atropin and muscarin ; as 


The central nervous system of animals experimented on was destroyed. 
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it is well known that a weak interrupted electric current if applied to a 
strip of auricular tissue that is rhythmically contracting, will inhibit the 
rhythm, while if applied after bathing the strip with a dilute solution 
of atropin the inhibition cannot be produced. As Foster has pointed 
out the weak interrupted current may have stimulated the fine nerve 
terminations in the muscle, and “the atropin produced some effect 
either on these fine fibres or on their connections with the muscular 
substance, or on the actual muscular substance itself by virtue of which 
they ceased to act.” 

It is therefore possible reasoning from the data afforded by the frog’s 
heart, exclusive of the evidence of the embryonic heart, that atropin 
and muscarin act vid the fine nerve terminations and not direct on the 
cardiac muscle. 

I am commencing experiments on the action of constant and 
interrupted currents on the embryonic hearts of chicks and mammals 
and I reserve a definite conclusion on this point for the future. I also hope 
to try the action of atropin and muscarin on various forms of rhyth- 
mically contractile protoplasm (e.g. volvox, other alge, cilia etc.) and 


hope by the comparative method to throw some light on this vexed 


question. 
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Strychnine. 

The action of this drug on the embryonic heart is shewn by the 
following summary which is taken from my previous paper. 

Strychnine was given to a seventy hours’ embryo in a dose of 
‘000017 gram, and depressed the rhythm of the heart from 112 per 
minute. There was no spasm. In an eighty hours’ embryo at 39°C. a 
dose 00002 gram temporarily increased the rhythm both in force and 
frequency ; then the systole rapidly became weakened and the rhythm 
irregular. A further dose of 00002 gram still more rapidly reduced 
both force and frequency of beating, till death in diastole occurred. 
There was not at any phase of any of the experiments either a spasm 
or a tetanoid condition. 

Romanes (op. cit.) who experimented on meduse with strychnine 
found that they were thrown into violent spasms, but that death after 
subsidence of the spasms was in an expanded condition. Presumably 
the primary phase of spasm was due to the action of the drug on the 
nervous rete in the medusa’s tissues. According to Milner-Fothergil!' 
strychnine has no action on the frog’s heart. 

Brunton and Cash“ state that strychnine stimulates the motor 
ganglia of the frog’s heart, since they found that when a frog is under 
the action of strychnine a ligature placed between the sinus venosus 


1 Milner-Fothergill. Hasting’s Prize Essay, 1871. 
* Brunton and Cash. St Bartholomew's Hosptl. Rep. Vol. xvi. 
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and auricle did not stop the auricle and ventricle as in Stannius’ 
experiment, and if this experiment had already been performed, strych- 
nine injected into the ventricle causes the auricle and ventricle to 
recommence beating. Löwit! has also recently shewn that strychnine 
when administered to frogs in certain doses entirely annuls the action 
of the vagus upon the heart. Amongst invertebrates, Yung’ experi- 
menting on Mya, a lamellibranch mollusc, found that strychnine injected 
into the animal’s body usually caused a diminution in the frequency 
and force of its heart-beats, but that the result was inconstant. Direct 
application to the heart reduced the number of the pulsations, 
culminating in diastolic stoppage in fifteen to thirty minutes. There 
was no cardiac spasm described. Plateau“ describes a similar depres- 
sion and diastolic stoppage in the lobster’s heart, while Dolgiel* states 
that strychnine does not act on the heart of the larva of Corethra 
plumicornis. 

The comparison of this series of results shews that there is a marked 
divergence between the action of strychnine on the heart and its action 
on the contractile tissue of the meduse. This seems to shew that its 
action on the ganglia of the adult frog’s heart (if any) is different from 
its action on the ganglionic cells of the meduse. Indeed the action of 
strychnine on the heart resembles its general depressant action on proto- 
plasm (e.g. leucocytes“). In considering the experiments of Brunton 
and Cash and of Löwit in the light of the experiments on the 
embryonic heart it seems necessary in explaining the former results to 
bear in mind that strychnine has probably a direct action upon the 
adult cardiac fibre as well as any action it may have on the ganglia. 


Possibly the prevention of Stannius’ experiment cited by Brunton 


was due to a primary excitant action direct on the cardiac fibre since 
strychnine shews a primary excitant action on the embryonic myoplasm 
and also in Löwit's experiments it is possible that the failure of vagus 
action may in part be due to direct depressant action of the larger 
doses of strychnine on the cardiac muscle. 

The rhythm of an embryonic heart that has been depressed by 
strychnine was restored above its normal frequency by raising the 
temperature 10°C. Further doses of strychnine are required in order 


1 Léwit. Pfliiger’s Archiv. Bd. xxvut. (1882), S. 312 

2 Yung. Archives Expér.de Zool. T. 1x. (1881), pp. 429—444. 

3 Plateau. Archives de Biologie (Van Beneden’s). T. 1. (1880), p. 667. 

* Dolgiel. Mém. de St Pétersbourg Acad. vm série. T. LXXIv. No. 10, 1877, p. 16. 
Brunton. Pharmacology, P. 61. 
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to again depress the rhythm. Thus strychnine acts more power- 
fully on the embryonic heart at lower temperatures than at 
a higher temperature. It will however stop the heart even 
after the temperature has been raised to 45°C. the stoppage 
being always in diastole. 

Since the stoppage is always atonic, I tried the effect of caffeine, 
which stops the heart in a contracted condition. I have however failed 
to antagonise the action of strychnine on the embryonic heart by doses 
of caffeine. 


Pil 
My results with pilocarpine are illustrated by the following ex- 
periments. 


Nov. 21st, 1892. Embryo aged 60 hours. Temperature a the ex- 
periment 35°C. Normal rhythm 82 per minute. 


At 12.20.0 00002 gram of pilocarpine in } cc. of normal saline was 


| given. 

12.21.0 Frequency 90 per minute. Systoles apparently stronger than 
in normal rhythm. 

12.22.5 Frequency 104 per minute. Systoles stronger than in normal 
rhythm. 


12.23.15 Frequency 106 per minute. Beats very strong. 

12.25.0 Frequency 120 per minute. Beats very strong. 

12.27.0 Frequency 130 per minute. Beats very strong. 

12.28.0 Frequency 126 per minute. Beats very strong. 

12.38.0 Frequency 120 per minute. Beats very strong. 

12.39.0 Frequency 120 per minute. Beats very strong. 

12.39.30 0002 gram of pilocarpine in 3 C. c. of normal saline given. 

12.46.0 During the last seven minutes the frequency was 126 per 
minute and the beats very strong. 

12.47.0 0004 gram of pilocarpine in | c. c. of normal saline given. 

12.48.0 Frequency 102 per minute. Beats very strong. 

12.50.0 Frequency 92 per minute. Beats very strong. 

12.55.0 During last five minutes rhythm was unchanged, 0004 gram 
of pilocarpine in I c. c. of normal saline given. 

12.59.0 Frequency during last four minutes 88 per minute. Beats 
very strong. 

1.5.0 Rhythm unchanged during last six minutes. 0004 gram of 
pilocarpine in 1 c. c. of nopmal saline given. 

1.12.0 During the last seven minutes the frequency was 70 per 
minute and beats very strong. 
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1.14.0 $cc. containing 0004 gram of pilocarpine given. 
1.20.0 Rhythm unchanged. I C. o. containing 004 gram of pilocarpine 
given. 
1.29.0 Rhythm during last nine minutes 60 per minute. 
1.30.0 Io. o. containing 006 gram of pilocarpine given. 
2.0.0 Rhythm 52 per minute. No change in its characteristics. 
i 2.23.0 Rhythm 51 per minute and unchanged. 
2.25.0 Temperature of incubator raised to 42°C, 
| 2.30.0 Frequency during last four minutes 132 per minute. No 
) change in the characteristics of the rhythm. 
2.32.0 1e. e. containing ‘02 gram of pilocarpine given. 
4 2.34.0 Frequency 120 per minute. Beats fluttering and weak. 
. 2.44.0 Frequency had fallen to 50 per minute. Beats regular and 
good. 
N 2.45.0 lee. containing -06 gram of pilocarpine given. 
f 2.46.0 Frequency 42 per minute. Systoles weak. 
a 2.52.0 Heart in diastolic expansion. It gave about 70 twitches 
a during the minute. 
| 2.55.0 Whole heart expanded, with both auricles and ventricles giving 
, twitches but not synchronously. 
| 2.56.0 Heart stopped in diastole, responds by one or two auricular 


twitches to mechanical stimulation of the auricles. I have 
failed to antagonise its action by potassium chloride. 


Nov. 21st, 1892. Embryo aged 60 hours. Temperature throughout the 


3.34.0 
3.35.0 
3.36.0 
3.43.0 


experiment 38°C. Normal frequency 100 per minute. 


JC. o. of saline solution containing 005 gram of pilocarpine given. 
Frequency 84 per minute. Beats very strong. 

Frequency 94 per minute. Beats very strong. 

Gradual decrease of rhythm during last seven minutes, the beats 
getting weaker and weaker until heart stops in diastole. Potas- 
sium chloride did not restore the rhythm. 


Vulpian’ injected extract of jaborandi under the skin covering the 


tibia of frogs and found that the heart-beats became irregular; the 
auricles were engorged with blood and did not contract completely at 
each systole, while the systoles of the ventricles were more complete. 
He concludes that jaborandi acts more rapidly on the auricles than on 
the ventricles, After fifteen minutes’ action the whole heart stopped in 
full diastole. 

He also stated that jaborandi does not slow the heart if urari had 


' Vulpian. Le Progrés Medical, 1875. Lond. Med. Record, 1875, p. 398. 
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previously been given and concluded that its slowing was due to 
stimulation of the peripheral ends of the vagi. 

Langley’ finds that the ventricle is always the first to cease beating, 
but sometimes the ventricular rhythm may be stronger than the auricular 
rhythm, I find in the embryonic heart that the ventricles always stop 
first, and I have not obtained a reversed rhythm as in the action of 
certain other drugs where the ventricular rhythm has become dominant. 

Langley found that jaborandi does slow the heart after urari poisoning 
and concluded that it acts upon something other than the inhibitory 
fibres going to the heart. He suggested that jaborandi acts on the 
neuromuscular mechanism of the cardiac tissue. ! 

Pilocarpine evidently acts directly upon the embryonic myoplasm, 
apparently primarily stimulating it and secondarily depressing it. I 
have failed to antagonise pilocarpine by atropin on the embryonic 
heart. This may be due either to the large doses of pilocarpine used or 
to some difference between the embryonic and adult heart. If pilo- 
carpine acts partially on the nervous elements of the frog’s heart, this 
would account for the abnormal behaviour of atropin and pilocarpine on 
the embryonic heart. 

Heat as in the case of many other drugs removes the effect of the 
pilocarpine. Further larger doses are required to produce the depression. 

I have also failed to antagonise pilocarpine and potassium chloride in 
their action on the embryonic heart. I may here state that there are 
apparently different kinds of tonic and atonic standstill, for although the 
standstill induced by pilocarpine, morphine &c., is typically atonic, and 
apparently similar to the atonic standstill produced by nicotine and 
veratrine, yet potassium chloride will restore the rhythm in the latter 
case and not in the former case. Thus the chemical side of antagonism 
subdivides the wide group of substances which induce atonic standstill. 

There is one general characteristic of atonic standstill if it be not 
carried to too great a limit, that whether it be produced by the action of 
chemical stimuli or simply by fall of temperature, it is removed by 
heating. The converse of this is not true, since although cooling will 
remove the tonic standstill produced by overheating the embryonic 
myoplasm, yet cooling will not remove the tonic standstill produced on 
the embryonic myoplasm by drugs like caffeine and digitalin. 


General Remarks. 
The presence of rhythmic activity in the embryonic heart previous 
Langley. Journ. Anat. and Phys. Vol. x. (1876), p. 186. 
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to the development of a functional nervous system, puts almost beyond 
doubt the view that the rhythmic activity of the heart is a function of 
its contractile tissue independent of nervous agencies. What then is 
the function of the intrinsic cardiac nervous mechanism? Besides that 
of conveying and distributing impulses from without (via vagus and 
sympathetic) is it not possible judging from the evidence deduced in the 
section on atropin and muscarin that the terminal fibrils of the cardiac 
nerves may react to chemical stimulation and thus influence the rhythm 


of the heart? Is it not also possible that even if playing a secondary 


part in the normal sequence of the cardiac cycle, they may when 
stimulated by the selective action of certain drugs influence the rhythm 
of the heart? This question will I believe only be decided by further 
experiments, and part of the object of this paper is to reopen the line of 
investigation of the functions of the intrinsic cardiac nervous mechanism. 


Summary of Chief Results. 


The chief facts and their bearing have been dealt with section by 
section. The following summary is given to shew the general import of 
the paper : 

1. That the embryonic heart of the chick will if kept with proper 
precautions beat with a rhythm constant for each individual embryo, and 
that as it is easily worked with previous to the development of a 
functional nervous system it affords a means of differentiating the 
functions of cardiac muscle from the nerves which supply it. 

2. That the embryonic heart reacts to all classes of stimuli (chemical, 
thermal, and electrical) which influence the adult heart. | 

3. That the embryonic heart is delicately sensitive to thermal 
stimuli, That each heart has a certain temperature at which its 
rhythmic action is most marked. That temperatures above and below 
this point depress the cardiac rhythm. That the heart when overheated 
passes into a condition of idiomuscular contraction, but the final heat 
stoppage is in diastole. That small variations of temperature over long 
periods of time do not influence the cardiac rhythm. 

4. That the embryonic myoplasm conducts mechanical stimuli from 
the ventricular to the auricular end of the heart. 

5. That caffeine slightly increases the frequency of the embryonic 
heart besides increasing the energy of the systoles. That in larger 
doses it causes tonic contraction of the embryonic myoplasm, culmi- 
nating in systolic stoppage. That these results may explain certain 
phenomena shewn by caffeine on the adult heart. 
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6. That xanthine causes a primary depression of the embryonic 
heart, followed by a secondary increase both in force and frequency. 
That the condition of idiomuscular contraction was not obtained even 
with large doses of xanthine. 

7. That theobromine causes a primary increase of frequency of the 
embryonic heart. That it also causes the systoles to become stronger, but 
that in large doses it has little or no depressant effect. Though the tonic 
contraction of the heart was more marked than when under the influence 
of xanthine, yet it was but slight when compared with that produced by 
caffeine. 

8. That the introduction of methyl groups into the xanthine 
molecule modifies the action of that molecule on the embryonic heart, 
and that the greater the number of methyl groups introduced, the 
greater is the tonic contraction of the embryonic heart. 

9. The embryonic heart under the influence of digitalin behaves 
like the adult heart. 

10. That the action of strophanthin on the embryonic heart is 
apparently identical to its action on the adult heart. That these 
results strongly confirm the views which Fraser arrived at from observa- 
tions on the frog’s heart. 

11. That hydrocyanic acid has probably a complex action on the 
embryonic heart, owing partly to the cyanhzmoglobin formed and in 
part to its direct action as an acid. That the primary action causes 
reversal of the normal rhythm. That the secondary action causes 
diastolic stoppage. 

12. That amyl nitrite also probably has a mixed action due to the 
methemoglobin formed, and possibly to its action direct on the cardiac 
myoplasm. That in its primary phase of action it also reverses the 
cardiac rhythm. 

13. That morphine similarly depresses the cardiac rhythm and 
reverses it, 

14. That there is possibly some connection between the reversal of 
cardiac rhythm and the depression of processes of oxidization in the 
contractile substance of the heart. 

15. That potassium chloride stops the embryonic heart in diastole. 

16. That nicotine causes a primary acceleration followed by depres- 
sion and diastolic stoppage of the embyronic heart. That nicotine is 
antagonized by potassium chloride. There is a quantitative relationship 
between the amount of nicotine that is * by potassium 
chloride. 
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17. That the antagonism of nicotine and potassium chloride ou the 
embryonic heart is probably chemical in nature, and that the tone of 
heart probably plays a secondary role. 

18. That veratrine in small doses causes an acceleration of the 
embryonic heart’s action, in larger doses it depresses its action by 
lengthening out its systoles. It is antagonized by potassium chloride. 

19. That there is a certain temperature at which the action of a 
drug is most potent on the embryonic heart. That temperatures above 
and below this point modify the action of the drugs. That the 
temperature of maximum action is higher in the chick-embryo than in 
the frog's heart. 

20. That the embryonic heart has a normal tone, and that tone can 
exist independent of nervous action. That the tone of the embryonic 
heart is modified by the direct action of drugs upon the embryonic 
myoplasm. That there may be some connection between the oxidizing 
or reducing action of a drug and its influence on the tone of the 
embryonic heart. 

21. That the atonic condition can usually be removed by the 
application of heat. That the converse is not so, except in the case of 
idiomuscular contraction produced by overheating. 

22. That the antagonism between the action of calcium salts and 
potassium salts on the heart is remarkable, since the two salts are 
antagonistic in blood coagulation and in the molecular changes of rigor 
mortis. That further investigation should be made along this line. 

23. That the action of chloroform and ether on the embryonic 
heart is distinct. That ether primarily is a stimulant and chloroform a 
depressant. That chloroform causes extreme dilatation of the embryonic 
heart. That the action of chloroform is partially antagonized by 

ammonia. 
| 24. That ammonia is a powerful stimulant of the embryonic heart. 
In large doses it is fatal in diastole. 

25. That tetraethylammonium hydroxide is also fatal in diastole. 
That the introduction of ethyl groups into the ammonium molecule 
does not modify the action of its hydroxides. 

26. That barium chloride is a marked depressant to the embryonic 
heart. 

27. That muscarin nitrate has no specific action on the embryonic 
heart. 

28. That atropin has only a comparatively small depressant action 
on the embryonic heart. 
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29. That the action of muscarin and atropin is not constant on the 
hearts of different invertebrates. 


30. That it is not improbable that the nerve endings in the adult 


heart may be influenced by atropin and muscarin. That the subject 


requires further investigation along the lines indicated. 

31. That strychnine causes a temporary acceleration of the embry- 
onic heart, and in larger doses depression until it stops the heart in 
diastole. There is no spasm at any phase of its action. 

32. That pilocarpine acts directly on the embryonic myoplasm, 
primarily stimulating it and secondarily depressing it. 


In conclusion it is my pleasant duty to record my warmest thanks to 
Prof. Halliburton for the kindly advice and criticism he has given 
during my work, as well as for his readiness to witness my experiments. 
To Prof. Klein I am greatly indebted for much advice. I hope in 
a subsequent paper to continue this research. 


DESCRIPTION OF PLATE, 


Fig. I. is a diagram of the observing incubator. 

jj. = water jacket. 4.8. air space. i. = pipe for filling water jacket. 
t. tap for emptying water jacket. ¢.s.=copper strips and binding screws 
which suspend the egg in the air chamber. .J. wooden frame which 
carries the suspensory apparatus and prevents rapid conduction of heat to the 
egg. e. egg. w. v. - small vessel of water to keep air chamber moist. 
l. s. sheet of glass closing in the top of the chamber. 

Fig. II. Diagram of effect of temperature on the embryonic heart, the 
ordinates represent the number of beats per minute, the abscisse the degrees 
of temperature, The curve should be read from left to right. 

Fig. III. Diagram of the effect of caffeine on the embryonic heart. The 
absciase represent time, the ordinates beats per minute. The larger circles 
represent the introduction of the drug. The temperature remains constant 
and is therefore not represented. 


Fig. IV. Diagram of the action of theobromine on the embryonic heart. 
The abscissee represent time, the ordinates beats per minute. 


Fig. V. Similar diagram of the action of xanthine on the embryonic 
heart. 
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Fig. VI. Similar diagram shewing the action of nicotine on the embryonic 
heart. The dotted lines in this diagram represent the period of time during 
which the heart was stopped. The antagonism existing between nicotine and 
potassium chloride is here illustrated. 

Fig. VII. Similar diagram illustrating the antagonism between veratrine 
and potassium chloride on the embryonic heart. 

Fig. VIIT. Diagram illustrating the reversal of rhythm which occurs in 
the final phase of amy] nitrite poisoning of the embryonic heart. 

(a) = comparatively rapid beating. (5) = phase when embryonic. heart 
shews Luciani’s beats. (e) - phase of reversed rhythm represented by beats 
below the base line. (d)= eS This diagram does not 
represent the force of the beats. 


Feb. 9, 1893. 
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ON THE NERVOUS SUPPLY OF THE DOG’S HEART. 
By LIM BOON KENG, MB. (Pl. XXV.) 


(From the Cambridge Pathological Laboratory.) 
I. Introductory. 


II. The vagus and sympathetic. 

1. General account of the vagus. 

2. General account of the cervical sympathetic. 

3. Physiological Summary. 
III. The Cardiac nerves. 
Cardiac branches of the vago-sympathetic. 
Branches from the annulus of Vieussens. 
Cardiac branches of the Recurrent nerves. 
Cardiac nerves with apparent origin from the vagus. 
Cardiac branches of the cervical sympathetic ganglia. 
Cardiac branch from superior laryngeal. 
IV. The Cardiac Plexuses. 

1. The ventral or superficial cardiac plexus. 

2. The dorsal or deep cardiac plexus. 

(a) The central plexus. 
(b) The auricular plexus, 
3. The coronary plexuses. 
4. Ganglia. 

V. The distribution of nerves on the heart wall. 

1. Nerve supply of the auricles. | 

2. Nerve supply of the ventricles. 

3. Nerve supply of the heart as a whole. 
VI. Conclusion. 


e de 


I. Introductory. 
The anatomy of the cardiac nerves of the dog is perhaps of more 
interest to the physiologist than to the morphologist. At all events it 


* 
* ‘ * 4 « * 
9 
t 
7 
* a 2 - 


468 LIM BOON KENG. 


was with that belief that I made the dissections on which the following 
communication is based. It appeared to me that with the improved 
methods of investigation applicable to the study of the mammalian heart 
which are being gradually introduced, a fairly complete account of the 
macroscopic anatomy of the cardiac nerves of the dog ought to be at the 
disposal of physiologists. This at the present time does not exist. While 
the functions of these nerves have been more or less fully investigated, 
their anatomy has been comparatively neglected. All the important 
cardiac nerves have been described long ago but as a rule only as a side 
issue to other subjects. Of recent papers that of Schmiedeberg“ on the 
innervation of the heart is the most important, but he only described in 
detail the trunks of the cardiac nerves on the right side. 

Scattered through the literature of the physiology of the heart, 
partial descriptions of the anatomy of the cardiac nerves in the dog are 
to be found, but nowhere as far as I can learn, is there available a 
tolerably complete account of the origin and course of the various 
nerves, which bind together, so to speak, the heart and the rest of the 
organism. Much of what I have to say must be known to those 
investigators of the physiology of the heart, who have taken the trouble 
to dissect out with sufficient care the cardiac nerves in a dozen or more 
dogs, and in my attempt to give a coherent account of the subject I am 
well aware that I must necessarily make statements which will be 
wanting in novelty to some physiologists. As, however, it is my object 
to describe the cardiac nerves as a whole, a certain amount of repetition 
cannot well be avoided. | 

Where it appeared desirable I have indicated how far the cardiac 
nerves of the dog correspond morphologically to those of man, of the 
rabbit and of the cat, and I have sought to keep in mind what is known 
of the function of the various nerves that enter or leave the heart. N 

The dissections were made chiefly on fresh specimens, though for 
the display of the delicate nerve filaments that form the plexuses, a 
special mode of preservation was adopted. The trunk of the animal 
was severed just below the diaphragm and the anterior half was allowed 
to bleed. The diaphragm was then removed and the aorta was injected 
with spirit or Miiller’s fluid. After a day or two, a rough dissection 
was made; and by means of a sponge, the part was wetted with some 
fat solvent such as benzole. By this method, it is comparatively easy 
to trace the delicate nerve fibres to their ultimate distribution; and if 


1 Ber. d. stiches. Ges. d. Wiss. 1871, p. 148. 
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Miiller’s fluid has been used, the nerves have an olive green tint that 
distinguishes them from connective tissues. 


II. The Vagus and Sympathetic. 


We do not propose here to deal elaborately with the anatomy of the 
vagus and the sympathetic, but will merely allude to such well-known 
facts or criticise such accepted opinions as concern the cardiac nerves. 
In the dog, the vagus and sympathetic nerves are united within one 
common sheath along nearly the whole length of the neck, and 
constitute the vago-sympathetic trunk; but they undoubtedly can be 
separated both anatomically and physiologically: shewing that the 
nerve fibres do not intermix to any extent. 

1. The Vagus. (Pl. XXV. Fig. I., vag, vago. S.) Arising by about a 
dozen fine roots from the ventro-lateral aspect of the medulla, the vagus 
passes outwards accompanied by the spinal accessory nerve to the 
jugular foramen. We do not seem to possess any experimental know- 
ledge of the functions of these roots though they are not beyond reach 
in the living animal. If the lower jaw of one side be dislocated and 
removed, and the muscles attached to the skull on that side be cut 
away,—vessels being carefully ligatured—the base of the skull will be 
exposed and the large tympanic bulla will be our guide. With bone 
forceps or trephine remove the cranial bones above the bulla, and then 
cautiously clip off bit by bit the bony wall of the jugular canal. In 
such a dissection the roots may just be visible and for experimental 
purposes it may be advisable to remove the basi-occipital bone; and in 
doing this the easiest plan is to cut the nerve roots on one side. When 
the dissection is completed, the nerve roots on the intact side are 
readily accessible. It need scarcely be said that the operation is 
laborious and extremely apt to be fatal. 

In the jugular canal, the vagus develops a swelling—the jugular gan- 
glion (Pl. XXV. Fig. 1, J. G.), at which the spinal accessory nerve joins it. 
Immediately after emerging from the skull, the vagus presents another 
ganglion, which is fusiform in shape and in a fairly large dog about 
1 cm. in length (Fig. 1, T. G.) The last mentioned ganglion is usually 
known as the ganglion of the trunk, and lies immediately internal to 
the huge tympanic bulla. From the caudal end or sometimes from the 
middle of the trunk ganglion, the vagus gives off the superior laryngeal 
nerve, slightly behind which a large nerve is seen passing from the 
trunk of the vagus to the superior sympathetic ganglion. This nerve 
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is in reality the main cord of the cervical sympathetic chain. If it be 
desired to stimulate the vagus proper apart altogether from the 
sympathetic, then it is obviously necessary to expose the region which 
we have just referred to. The operation is not difficult and in our 
experience always successful. The way which is probably easiest in the 
end is to remove the lower jaw of one side and to expose as before the 
tympanic bulla—and pulling outwards the sternomastoid, the vagus, 
which contains fibres received from the spinal accessory, can be 
separated for 1 inch or more from the sympathetic cord, and can thus 
be stimulated without difficulty. Posterior to the trunk ganglion of 
the vagus, the vago-sympathetic runs caudalwards as a large nerve 
dorsal to the common carotid artery. Slightiy above the level of the 
first rib or opposite it, there is a ganglion (Fig. 1, M.S. G.) on the vago- 
sympathetic ; and this is usually called the “inferior cervical ganglion.” 
It is hardly necessary to say that the ganglion belongs to the 
sympathetic system and not to the vagus. It is not, however, the 
inferior cervical sympathetic ganglion for, from a morphological point of 
view, it is obviously the middle ganglion of the sympathetic. We shall 
reserve what we have further to say on this point when we come to 
discuss the sympathetic system. The vagus lies on the dorsal aspect of 
the common carotid artery and is in contact with the prevertebral 
muscles of the neck. With the artery, it is therefore under cover of 
the sterno-mastoid muscle. At the root of the neck the right vagus is 
nearer to the cesophagus than the left and posterior to the middle 
ganglion of the sympathetic (i.e. the so-called inferior cervical ganglion) 
the relative position of the two vagi differing as in man. The left nerve 
is in a plane more ventral than that in which the other nerve lies. It 
is distributed partly to the ventral and partly to the dorsal aspect of the 
heart, whilst the right vagus is entirely destined for the deep cardiac 
plexus which is connected with the dorsum of the heart. 

Both vagi however pass caudalwards in their course dorsal to the 
roots of the lungs on which they give off branches to form the 
pulmonary plexuses. 

At the base of the skull, the vagus on each side receives various 
communications, but of these, the most important is that from the 
spinal accessory nerve, to which we have referred (Fig. 1, XI). The 
medullary portion of the spinal accessory passes to the heart through 
the trunk ganglion and thereafter in the substance of the vagus. The 
spinal part of the nerve leaves the vagus almost at the point of junction 
of the two nerves, and is distributed to certain muscles in the neck. 
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From the middle, or sometimes, caudal end of the ganglion of the 
trunk, proceeds the superior laryngeal nerve, which crosses the side of 
the pharynx to reach the anterior border of the thyroid where it divides 
into an anterior and a posterior half (Fig. 1, S. L.) The latter (Fig. 1, C.), 
runs caudalwards under cover of the ala of the thyroid cartilage, and 
emerging posteriorly, it runs on the cricoid cartilage external to the 
recurrent laryngeal nerve. It is often lost in the last mentioned nerve, 
but sometimes can be distinctly traced to the deep cardiac plexus. It 
will be convenient to speak of all the nerve filaments except one which 
is posterior to this branch as off-shoots of the vago-sympathetic. The 
single exception is the recurrent laryngeal nerve. The origin of this 
branch from the vagus differs on the two sides—on the right it arises 
close to the middle sympathetic ganglion, whilst on the left, it does so 
when near the aortic arch, that is, a considerable distance behind the 
corresponding ganglion of its side (Figs. 3 and 4, R.). From the 
recurrent nerves, fibres are given off to the cardiac plexuses and are 
more numerous on the left; but the branches from the right nerve are 
larger. Usually one of these off-shoots leaves the recurrent in such a 
manner as to suggest that it is coming from before backwards (Fig. 1, 
C(?)). And in all probability this represents the backward con- 
tinuation of the nerve coming from the superior laryngeal’. 

: It is impossible to say definitely of the other cardiac fibres whether 

they belong entirely to the vagus or entirely to the sympathetic. But 
whilst we call them branches of the vago-sympathetic, we distinctly re- 
cognise that occasionally a cardiac nerve may appear to consist entirely 
of the vagus or of the sympathetic fibres. Asa rule, these nerves consist 
partly of vagal and partly of sympathetic elements. The branches of 
the vago-sympathetic that came off at or near the middle cervical 
sympathetic ganglion contain vagal fibres that are the homologues of 
the superior cardiac branches of the vagus in man, which leave the 
nerve in the neck. The nerves that arise from the trunk of the vagus 
posterior to above-mentioned branches represent the inferior cardiac 
branches in the human subject. Thus in the dog we may say that the 
vagus has a couple of anterior cardiac and as many posterior cardiac 
branches of the vagus, but they are usually intermixed with 
sympathetic fibres. 

2. The sympathetic (Fig. 1). We have to consider here only the 
cervical sympathetic chain. There are theoretically three ganglia, 
though the inferior cervical sympathetic ganglion is fused with the first 
* Cf. Howell and Huber. This Journal, Vol. XII. p. 5. 
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one or two thoracic ganglia to form the ganglion stellatum. The 
superior cervical ganglion is situated close to the trunk ganglion of the 
vagus and sends a cardiac branch to the heart. The middle cervical 
ganglion is called by physiologists “the inferior cervical ganglion” ; as it 
is placed on a level with or slightly above the first rib. It is however 
undoubtedly the homologue of the middle cervical sympathetic ganglion. 
It receives a communicating branch from the phrenic or from its roots 
(Fig. 1, p.); and gives off usually two cardiac branches which also 
contain—as before mentioned—fibres from the vagus. We purposely 
omit all mention of topographical details and of other branches. That 
the inferior cervical ganglion is contained in the ganglion stellatum, is 
proved by the fact that the last mentioned ganglion (often termed first 
thoracic) receives roots from the 7th and 8th cervical spinal nerves as 
well as from the first, second, and third dorsal nerves (Fig. 1, G. St. 1, 
2, 3, 4, 5). When, as in man, three cervical sympathetic ganglia are 


present, the middle receives rami communicantes from the fifth and a 


sixth cervical spinal nerves, whilst the inferior ganglion receives from 
the seventh and eighth nerves. The roots of the ganglion stellatum vary 
in length. The ganglion itself is situated opposite the first intercostal 
space and the shortest root is that from the first dorsal nerve; in front 
and behind of which the roots successively increase in length (Fig. 1). 

The cord of the sympathetic is bound up with the vagus in the 
greater part of its course in the neck, although near the base of the skull, 
it may be got at as a separate trunk. Posterior to the middle 
sympathetic ganglion, it splits in two portions, which embrace the 
subclavian artery, forming the annulus (or ansa) of Vieussens and 
constituting the bond of union between the middle cervical sympathetic 
and stellate ganglia. The shape of the annulus is variable and very 
frequently the right annulus assumes the form of a triangle whilst the 
left that of an ellipse (Figs. 1 and 2). The difference is due to the 
superior intercostal artery on the right arising some distance further 
caudalwards than the corresponding artery on the other side; and this 
causes the ventral limb of the right annulus to be connected with the 
vagus behind the middle sympathetic ganglion, a varying length of the 
vagus, which forms the base of the triangle intervening (Fig. 3). In the 
relation of these ganglia to the annulus, we see another morphological 
evidence in favour of the view that the so-called “inferior cervical 
ganglion” is really the middle cervical sympathetic ganglion. 

Each cervical ganglion may be said to send a branch to the beast 
(Fig. 1, 8.S.G., M. S. G., G. St.); but as before stated the cardiac branches 
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arising from the vago-sympathetic contain vagal and sympathetic fibres, 
so that it is undesirable to attempt to assign any individual nerve either 
to the one or to the other main trunk. One may however prove by dis- 
sections that in these cardiac branches, filaments may be traced to the 
sympathetic ganglia. The largest offshoot comes off from the middle 
cervical ganglion and represents the ramus cardiacus magnus as seen 
in man. The cardiac branch of the inferior ganglion is found in the 
occasional cardiac branch from the ganglion stellatum or from the more 
constant branch leaving the ventral limb of the annulus; although often 
enough this nerve has an apparent origin from the vagus and may in 
this case contain other fibres (Fig. 3, b,). 

3. Physiological summary. The vagus contains afferent and 
efferent fibres passing between the heart and the central nervous system. 
Through the fibres derived from the medullary portion of the spinal 
accessory nerve, centrifugal impulses pass to the heart affecting primarily 
the auricles so as to cause a slowing of the heart’s action. A depressor 
nerve probably exists either in the vagus trunk or in the communicating 
branch of the superior laryngeal. Accelerating fibres reach the heart 
from the spinal cord through the anterior roots of the second and third 
(and possibly also the third and fourth) spinal nerves and through the 
annulus; but it is important to remember that the cardiac branches 
from the sympathetic arising from the vago-sympathetic trunk close to 
the middle cervical ganglion are not all “rami accelerantes” because the 
annulus undoubtedly also contains fibres which have an inhibitory 
action on the ventricles. The individual cardiac nerves vary somewhat 
in their physiological character owing to the inconstancy of the distri- 
bution of vagus and sympathetic fibres among them; and their functions 
are as yet imperfectly known. 


III. The Cardiac Nerves. 


We have already indicated the names and points of origin of the 
several cardiac nerves and shall now proceed to discuss them in detail 
beginning first with those which are best known. 

1. Cardiac branches of the vago-sympathetic. The reason for not 
distinguishing the branches of the vagus and of the sympathetic (behind 
the middle cervical ganglion) has been given. Here it is only necessary 
to add that the proportions of vagus and sympathetic elements in each 
nerve vary in different dogs; and that even behind the middle cervical 
ganglion, it is impossible to say that nerves having an apparent origin 
from the vagus consist solely of vagus fibres since it is very common to 
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find the ganglion united to the trunk of the vagus by three or four 
communicating branches (Fig. 2, C. S.). Possibly these fibres may pass 
to the heart along the posterior branches of the vago-sympathetic. 
As the cardiac branches on the two sides differ in their course and 
distribution it is necessary to describe them separately. 

(a) Branches of the right vago-sympathetic. Usually two large 
nerves arise from the right vago-sympathetic at the site of the ganglion 
or close to it (Figs. 1 and 6, V.S,., V.S,.); though sometimes three are 
present. These represent cardiac branches from the middle cervical 
ganglion and the anterior branches of the vagus. It must be added 
that often they represent also the cardiac branch of the inferior cervical 
ganglion (fused in the ganglion stellatum). In some cases only one 
branch arises from the trunk of the vago-sympathetic whilst the other 
takes origin from the ventral limb of the annulus. These nerves are 
usually called “the rami accelerantes,” but they may contain fibres which 
have other functions. They are easily found external and ventral to the 
subclavian artery in the interval between the innominate vein in front 
and superior intercostal vein behind (Fig. 3). They run parallel with 
one another backwards and inwards, lying ventrally to the subclavian 
and innominate arteries in succession. They then pass to the dorsal 
region of the aorta. In the greater part of their course they lie dorsal 
to the superior vena cava and close to or actually on the trachea. They 
come nearer each other as they approach the heart and each gives off 
one or more communicating branches. The two main nerves soon unite 
at an acute angle close to the bifurcation of the trachea (Fig. 6). The 
communicating twig from the anterior of these two nerves joins the 
cardiac branches coming from the recurrent nerve. The probable nature 
of these nerves has already been dealt with. The communicating 
branch of the posterior nerve unites with offshoots from the posterior 
branches of the vago-sympathetic. If the recurrent nerve is given off 
from the vagus behind the middle ganglion, its branches unite with both 
of the nerves in the anterior group of vago-sympathetic branches. By 
this rearrangement and fusion of the nerves, usually two nerves are the 
result (Figs. 5 and 6, a, 8). These form a plexus on the right division 
of the pulmonary artery and distribute branches to its dorsal and 
ventral surfaces. At this region the plexus is reinforced by nerves 
coming from the left vago-sympathetic. The nerves which go to form 
this plexus send communicating filaments to a plexus on the auricles. 
From the ventral aspect of the plexus on the pulmonary artery a stout 
branch passes to the dorsum of the undivided pulmonary trunk, lying in 


A 

4 
d 

4 

* 

< 
> 


NERVES OF DOGS HEART. 475 


its course in the interval between the aorta and pulmonary artery. On 
the dorsum of the main pulmonary artery, it unites with one of the 
ventral branches of the left vago-sympathetic. 

The posterior branches of the right vago-sympathetic are two or 
three in number and contain fibres that are homologous with the inferior 
cardiac nerves of the vagus and of the inferior cervical sympathetic 
ganglion in man. That these nerves which have an apparent origin 
from the vagus do contain sympathetic elements is made probable by 
the fact that they are sometimes partly represented by a large nerve 
which arises from the ventral limb of the annulus (Fig. 6, an.). The 
posterior branches of the vago-sympathetic are usually small nerves and 
from their distribution may be divided into three groups. The first set 
supply the dorsum of the pulmonary artery and communicate with the 
plexus on the auricles. The second are distributed to the vena cava 
superior and the adjacent parts of the auricle, whilst the remaining 
nerves can be followed to the root of the right lung, and here they will 
be found closely investing the pulmonary veins. The nerve twigs of the 
different sets communicate with one another and with the pulmonary 
plexus (Fig. 6, FV. S,, an.). 

(6) Branches of the left vago-sympathetic. The anterior branches 
of the vago-sympathetic are distributed partly to the dorsal and partly 
to the ventral aspect of the heart (Figs. 4 and 6, FV. I., V. E.) Those 
that are situated ventrally are quite superficial, when the ventral 
thoracic wall has been removed and the animal placed on its back. 
They are usually two in number, although there are sometimes three 
and more rarely these branches arise by a short common trunk. We 
shall describe the most frequent arrangement. The two nerves lie 
internal to the vagus, with which they are at first parallel. They are 
situated in the interval between the left subclavian and left common 
carotid arteries. They reach the pericardium after crossing the aortic 
arch and then continue their course in the substance of the parietal 
pericardium inclining outwards to reach their destination and at the 
same time distributing branches to the pericardium. These two branches 
may therefore be spoken of as internal and external, and the internal 
nerve is also anterior in regard to its origin. The internal branch 
reaches the left division of the pulmonary artery at the line of reflection 
of the pericardium, whilst the external one runs farther caudalwards, 
arriving on the front of the auricle at the point where the pericardium 
passes on to the surface of the heart. The internal nerve continues its 
course on the ventral surface of the left division of the pulmonary 
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artery just outside the portion usually enveloped in fat. It then runs 
round the posterior margin of the vessel to reach the dorsum of the 
main trunk of the pulmonary artery on which it forms a plexus with 
nerves from the right side (Fig. 6). This plexus may be called the 
central plexus for convenience. The internal nerve supplies the aorta 
and pulmonary artery as well as the auricles. The offshoots that go to 
the auricles pass dorsally through the interval between the aorta and 
the pulmonary artery. 

The external branch, as we have seen, reaches the front of the 
auricle close to the entrance of the pulmonary veins. It gives off 
branches while in the pericardium not only to that membrane but also 
to the ventral surface of the pulmonary artery and aorta as well as to 
the dorsum of the auricles. The deep branches, which reach the 
auricles are the largest and penetrate the areolar tissue lying between 
the pulmonary artery and the anterior pulmonary veins. The branches 
on the pulmonary artery break up into fine twigs which communicate 
with the pulmonary plexus and other nerves ramifying on the vessel. 
The continuation of the external nerve lies embedded in a prominent 
but narrow streak of fat, and, following the direction of the coronary 
vein, reaches the auriculo-ventricular sulcus on the left margin of the 
heart. It then accompanies the terminal portion of the left coronary 
artery and is distributed to the dorsal aspects of the left auricle and 
ventricle reaching ultimately the posterior interventricular sulcus. 
This nerve therefore supplies the outer half of the ventral and dorsal 
surfaces of the left auricle and left ventricle as well as the parts of the 
two ventricles adjacent to the posterior interventricular sulcus. 

As already indicated, there is sometimes a third ventral branch ; 
which is a delicate filament distributed to the pericardium, aorta and 
pulmonary artery. The two usual nerves have the general arrangement 
above described except that their branches to the last mentioned parts 
may be fewer in number, smaller in size or altogether wanting. 
Occasionally the third nerve sends a branch to the dorsal aspect of the 
pulmonary artery. Sometimes the third branch or when it does not 
exist, the external nerve may take its origin directly from the ventral 
limb of the annulus (Fig. 2, C. V.). 

The branches of the left vago-sympathetic that are distributed to 
the dorsum of the heart are two in number, though sometimes only one 
is present (Fig. 6, D.) When two are to be fonnd, one generally arises 
directly from the middle cervical sympathetic ganglion and runs to- 
wards the middle line on the esophagus and trachea. It fuses with 
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cardiac nerves coming from the neck (branches of the superior 
sympathetic ganglion and superior laryngeal nerve) and being thus 
augmented, continues in its course, until it is joined by its companion, 
which arises from the trunk of the ganglion near the origin of the 
recurrent nerve. The nerves of the dorsal set are thus collected in one 
bundle, which either communicates with the plexus on the front of the 
right division of the pulmonary artery or contributes to the formation 
of the central plexus. Either individually or conjointly after their 
fusion these dorsal nerves of the vago-sympathetic give off deep 
branches that go to the auricles. 

2. Cardiac branches from the Annulus of Vieussens. These have 
already been noticed partially and therefore may be briefly dealt with. 
They contain accelerator fibres and also fibres having other functions. 
They represent at least in part the cardiac branch of the inferior 
cervical ganglion (Figs. 2 and 3, C. V., ö.). 

(a) Branch of right annulus. This nerve is more frequently 
present than its companion on the other side, and is distributed to the 
deep cardiac plexus, right auricle and root of right lung (see Section 
III. 1, a.) 

(6) Branch of left annulus, This is only occasionally met with 
and supplies the ventral aspect of the left side of the heart, taking the 
place of some of the branches of the vago-sympathetics, which represent 
it in its absence (see above Section III. 1, ö.). 

3. Cardiac branches of the Recurrent nerve. Each recurrent nerve 
is provided with cardiac branches. Those on the right are usually 
grouped into a large trunk, but those on the left proceed individually 
to the heart, Thus it appears that the left recurrent has more 
numerous off-shoots. The greater number of twigs from the left nerve 
pass to the auricle, while some go to the dorsum of the aorta, to the 
pulmonary artery, and possibly also to the nerve plexus between the 
aorta and pulmonary artery (Figs. 1, C. R. L., 2, b, 5 and 6, C. R. L.). , 

4. Cardiac branches having an apparent origin from the vagus behind 
the Middle Cervical Sympathetic ganglion. These have been described 
(see Section III. I.) as posterior branches of the vago-sympathetic. 

5. Cardiac branches of the Cervical Sympathetic ganglia. These 
nerves have been fully treated and it need only be said that the 
superior cervical ganglion alone possesses a cardiac branch which is 
apparently unmixed with any vagus fibres. This nerve runs with the 
sympathetic fibres that accompany the superior laryngeal nerve to the 
larynx, and lies alongside the recurrent nerve by the side of the 
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trachea, being ultimately lost in union with branches of the vago- 
sympathetic (see above Section III. I, a, b.). 
6. Cardiac branch from Superior Laryngeal (see Section II. I.). 


The cardiac plexuses in the dog as in mammalia generally arrange 
themselves in two groups—(1) the ventral or superficial cardiac plexus 
formed by the vago-sympathetic of the left side; (2) the dorsal or deep 
cardiac plexus, deriving its nerves from the vago-sympathetic nerves of 
the right and the left. 

1. The Superficial Cardiac Plexus (Fig. 4, Pl. XXV.). The ventral 
branches of the left vago-sympathetic form a sort of plexus on the 
ventral aspect of the aorta and the front of the right auricle. The 
nerve filaments communicate with the left pulmonary, the coronary and 
deep cardiac plexuses. 

2. The deep Cardiac Plexus (Figs. 5 and 6). All the cardiac 
branches of the right side, and the dorsal cardiac twigs of the left 
vago-sympathetic are united in a plexus on the dorsum of the: heart, 
opposite the bifurcation of the trachea and the concavity of the aortic 
arch, This plexus has ramifications surrounding the divisions of the 
pulmonary artery and may be described as consisting of two portions, 
(a) the central plexus and (b) the dorsal auricular plexus (Fig. 6). 

(a) The Central Plexus. This network of nerve fibres is situated 
on the dorsal aspect of the main trunk of the pulmonary artery and is 
formed by the communicating branch of the plexus lying on the right 
division of the pulmonary artery, and by the ventro-internal branch of 
the anterior set of cardiac nerves, arising from the left vago-sympathetic. 
It gives off numerous branches but one of these—by far the largest,— 
runs caudalwards in apparent continuation of the course of the cardiac 
nerve of the left side. This nerve runs along the dorsum of the pul- 
monary artery and passing gradually to its left side, runs on the surface 
of the auricle to reach the anterior interventricular sulcus. It distributes 
branches therefore to the median half of the ventral surface of the left 
auricle and of both ventricles. The smaller branches of the plexus 
supply the auricle and ventricle of the right side. Some of these pass 
between the aorta and pulmonary artery, supplying the region between 
these and then emerge on the right side, accompanying the small right 
coronary artery and running in the right auriculo-ventricular groove. 
The fibres supplying the median portion of the right auricle reach as 
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far as the entrance of the superior vena cava. Other smaller branches 
of the central plexus surround the large left coronary artery and follow 
it as far as the left margin of the heart. Thus it is obvious that 
almost all the cardiac nerves converge towards the position of this 
plexus and from it radiate in all directions nerves of the greatest 
functional significance—hence I feel justified in calling this plexus by 
the name “Central” for convenience of reference as well as for the 
sake of brevity. 

(6) The auricular portion of the deep cardiac plexus (Fig. 5) lies 
on the auricles close to the trachea, between the pulmonary veins of 
the two sides, having connections with nerves on the auricles beyond 
this region. It is a direct continuation of the plexus on the dorsum of 
the pulmonary artery and its branches. The plexus is a very com- 
plicated one and consists of very fine filaments derived from cardiac 
nerves on both sides. ; 

3. The Coronary Pleruses. These are largely composed of branches 
of the deep cardiac plexus but also contain fibres from the ventro- 
external branch of the left vago-sympathetic. These plexuses surround 
the coronary arteries, and as the nerves have already been described, it 
is not necessary to repeat the description. It may be noted however 
that the left coronary artery is accompanied by nerves partly from the 
superficial and partly from the deep cardiac plexus. The right plexus 
is entirely a derivative of the central plexus. The importance of these 
plexuses is undoubtedly very great, but unfortunately we as yet have 
no knowledge of their functions. | 

4. Nerve Ganglia. The cardiac plexuses are well provided with 
ganglia especially on the auricles and in the region between the aorta 
and the pulmonary artery. The nerves on the superior vena cava also 
present ganglionic enlargements. The distribution of the cardiac ganglia 
is probably similar to that in the heart of other mammals such as the 
horse or ox; and I made no attempt to study their exact distribution 


in the dog. 
V. The distribution of Nerves on the heart. 


1. Nerve supply of the Auricles. From the foregoing details, it 
must have been obvious that there is some sort of symmetry in the 
distribution of the cardiac branches of the two sides. Each auricle has 
its outer portion supplied by the vago-sympathetic of its own side. On 
the right the nerves are derived from the vagus behind the middle 
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cervical sympathetic ganglion while on the left, they are filaments from 
the ventro-external branch of the left vago-sympathetic. The mesial 
half of each auricle on its ventral aspect receives its nerve supply from 
the central plexus, which, as we have seen, is a part of the deep cardiac 
plexus. The remaining portion of the auricles is that in the dorsal 
region between the pulmonary veins of the two sides. This area is 
covered by the auricular plexus, which has been described. Thus it is 
clear that the mesial half of each auricle is supplied by nerves derived 
from plexuses formed by the cardiac nerves of both sides. The inter- 
auricular septum probably receives fibres from the auricular and central 
divisions of the deep cardiac plexus—at least it is quite easy to trace 
fibres from the latter to it. 

2. Nerve supply of the Ventrioles. The left ventricle receives its 
nerves chiefly from the vago-sympathetic of the same side through the 
ventro-external cardiac branch ; and partly also from the left coronary 
plexus and other branches of the central plexus. The right ventricle is 
supplied almost entirely by the deep cardiac plexus; but this is what 
one would expect inasmuch as the central plexus receives all the nerves 
of the right side. The right ventricle obtains its nerves from the right 
coronary plexus and the big branch of the central plexus in the anterior 
inter-ventricular groove. On the dorsal aspect, both ventricles are 
supplied by the continuation of the ventro-external branch of the left 
vago-sympathetic, and by off-shoots from the auricular plexus. 

3. Nerve supply of the heart as a whole (Figs. 5 and 6). Each half 
of the heart is supplied therefore by nerves derived from nerve trunks 
on both sides of the body. A careful study of the formation of the 
central plexus brings home to one the importance of this fact, which 
doubtless accounts for the power of either vago-sympathetic to influence 
the action of the heart. The outer side of each half of the heart may 
be represented as supplied mainly by nerves of the corresponding side, 
but in the mesial region, it is necessary to separate the auricles from 
the ventricles. In the case of the auricles, the mesial half of both is 
supplied by the nerves of both sides of the body; but the ventricles 
have a slightly different arrangement. The mesial half of both 
ventricles is supplied in the ventral region by filaments derived from 
the nerves of both sides, but on the dorsal aspect the ventricles receive 
their supply mainly from the left vago-sympathetic, through its ventro- 
external branch. 
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VL Conclusion. 


We may now briefly state a few of the results of our studies. Some 
of the following conclusions are of general application. 

(1) The cardiac nerves on each side supply partly tlie auricle and 
ventricle of the corresponding side, and partly the median half of the 
auricle and ventricle of the opposite side. 2 

(2) Afferent impulses may reach the central nervous system by 
various paths, and it does not appear that a separate depressor nerve 
such as that in the rabbit and cat, exists in the dog. Its analogue may 
be present in the vagus trunk. 

(3) The cardiac nerves in different dogs differ in significance in 
different animals owing to the varying proportions of sympathetic and 
vagus fibres they contain. 

(4) The blending of the various nerves becomes more and more 
intimate the nearer we approach the heart, and hence to obtain pure 
vagus or pure “augmentor” action, it is desirable to stimulate the 
nerves as near their origin as possible or even to stimulate the nerve 
roots through which they leave the brain and spinal cord. It may be 
said therefore that the nerve roots and rootlets are functionally simple, 
although from each may proceed fibres to parts which are anatomically 
at some distance from one another. As the nerves approach the peri- 
phery they become more complex in function and more simple in their 
anatomical distribution. 

(5) Though individual cardiac nerves in the dog may have no 
apparent resemblance with those of other animals, it is obvious from 
the foregoing account, that there is a close similarity between them 
when the nerves are considered as a whole from a morphological point 
of view. 
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EXPLANATION OF FIGURES. 


Fig. 1. The Vagus and Sympathetic nerves of the Right side. An, 
Annulus of Vieussens; C. communicating branch of Inferior Laryngeal 
nerve; C (?) probably continuation of C; C. br. Cardiac branch of Superior 
Sympathetic ganglion; C. R. L. Cardiac branch of Recurrent nerve; 
CyCy:CynCym Cervical spinal nerves ; D. D, D, dorsal spinal nerves ; d dorsal 
limb of annulus; G. St. ganglion stellatum ; J. G. Jugular ganglion; M. S. G. 
Middle Cervical Sympathetic ganglion ; M. Medullary portion of XI. nerve; 
Ph. Phrenic nerve. p. communicating branch of the same. F. L. Recurrent 
Laryngeal nerve. S. L. Sup. Laryngeal nerve; Sp. Spinal portion of XI. 
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nerve; T. G. Trunk ganglion; FV. S., V. &., V. S, V. S. Cardiac branches of Vago- 
Sympathetic; v. ventral limb of annulus; X. vagus XI, — accessory; 
1, 2, 3, 4, 5, roots of ganglion stellatum. 

Fig. 2. Left Vago-Sympathetic and Annulus. C. S. Communicating 
branches of Middle Sympathetic ganglion. C. V., C. F. Ventral branches of 
Vago-Sympathetic. 

Fig. 3. Right Vago-sympathetic and annulus. 4. J. Innominate artery, 
b. b. bb. Cardiac branches. C.D. Right Carotid, C. S. Left Carotid. J. A. 
Intern. Mamm. art. I. T. Inferior Thyroid art. S.J. Superior intercostal. 
Sub. Subclavian artery. 

Fig. 4. Ventral branches of Left vago-sympathetic and Superficial Cardiac 
plexus, Ao. Aorta, App. Appendix auricule, A. F. S. Auriculo- Ventric. sulcus. 
C. E. Central Plexus. C. S. Left Carotid artery. i.v. inter-ventricular sulcus. 
P. A. Pulmonary artery, P. C. S. Left Coronary Plexus. R. Recurrent nerve. 
F. E. Ventro-External branch. F. IJ. Ventro- internal. 

Fig. 5. Auricular portion of deep Cardiac plexus seen from the back. 

L.A. Left auricle. L. V. Left ventricle. N. 4. Right auricle N. V. Right 
ventricle. a. continuation of V.S, to front of Pulmonary artery. B. ventral 
branch of F. S. Co. Communicating branch passing to the ventral surface 
between pulmonary artery and veins. For other letters see Fig. 1 ; * indicate 
that branches pass to the ventral aspect. V. E. &. Ventroexternal branch of 
Left Vago-sympathetic. 
Fig. 6. Central Plexus. an. Cardiac branch from Right annulus. D. 
dorsal branch of Left vago-sympathetic, D. I. S. Dorsal interventricular sulcus. 
P. Cor. D. Right Coronary, F. Cor. S. Left Coronary Plexus. P. F. branch of 
an. to pulmonary vein. . C. S. branches of an. = P. S. in Fig. 1, also compare 
V. S/ in Figs. 1 and 6. A.. branch of the middle sympathetic ganglion to join 
the Recurrent nerve. r. branches of the same to Innominate artery. Other 
letters are same as Figs. 1 and 4. Dotted lines indicate that the nerves are 
behind the Pulmonary artery (P. A.). 
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A COMPARISON OF ARTIFICIAL AND NATURAL 
GASTRIC DIGESTION, TOGETHER WITH A 
STUDY OF THE DIFFUSIBILITY OF PROTEOSES 
AND PEPTONE. By R. H. CHITTENDEN, Ph. D., 


Professor of Physiological Chemistry, anD GEORGE L. 
AMERMAN, Ph.D., Assistant in Physiological Chemistry. 


University.) 


Ir is a well-understood fact that the normal digentve processes going 
on in the living alimentary tract take place under quite different 
conditions from those which exist ordinarily in artificial digestion 
experiments. At the same time, physiologists have been wont to 
assume that so far as the purely chemical part of the process is 
concerned, the results are essentially the same. Minor differences might 
naturally be expected, especially in the rate of action, for when, as in 
natural gastric digestion, proteolytic action takes place under such 
conditions that the products of digestion are continually being removed 
by absorption and fresh digestive juice continually secreted, it is obvious 
that a more rapid proteolytic action might be looked for than in the 
confined limits of a beaker or a flask where the products of digestion 
must necessarily accumulate, and where the digestive juice is limited to 
the original quantity. 

Granting, therefore, that in general the chemical changes incidental 
to digestion may take place more rapidly in the natural than in the 
artificial process, the important question connected therewith is, how far 
will this possible difference in the rate of action affect the character or 
proportion of the normal end-products of digestion? In a previous 
article’ on the relative formation of proteoses and peptone in gastric 
digestion, it was shewn by a series of quantitative experiments. with 
various proteids that in their digestion with pepsin-hydrochloric acid, 
even under the most favorable circumstances, the formation of peptone 

1 Chittenden and Hartwell. This Journal. Vol. XII. p. 12. | 
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is a gradual process, and that the greater part, if not all, of the peptone 
thus formed passes through the intermediate stages of primary and 
secondary proteose. It was further shewn that at the end of even the 
most vigorous and long-continued digestion, a considerable portion of 
the proteid digested still existed in the form of proteose. In other 
words, the results fully substantiated the view frequently advanced’, that 
in the artificial gastric digestion of any ordinary proteid, complete 
peptonization rarely, if ever, occurs; the primary proteoses are first 
formed, these pass slowly by hydration into the secondary proteose and 
the latter in turn into true peptone, so that under no ordinary 
circumstances can an artificial gastric digestion be so conducted as to 
have the proteoses give place entirely to peptone. How far is this true 
of natural gastric digestion ? 

It is obviously impossible to so conduct an artificial digestion 
experiment as to have the conditions exactly the same as those of the 
natural process. In artificial digestions, as ordinarily conducted, the 
most important factor in bringing about a possible inhibition of ferment 
action is the accumulation of the products of digestion, Certainly, this 
constitutes one of the most important points of difference between the 
natural and the artificial process. This has been very ably discussed by 
Sheridan Lea in a recent paper“, where results are detailed, shewing 
the effects of the removal of the digestive products on the amylolytic 
action of saliva and on the proteolytic action of alkaline trypsin 
solutions. Thus, Lea finds that “when the digestion of starch by saliva 
is carried on under conditions which ensure a very considerable removal 
of the products (maltose) as they are formed, then the rate at which 
the digestion takes place is largely increased, the total amount of starch 
converted into sugar is much greater, and the residue of dextrin is much 
less than under conditions, otherwise similar, when the products are not 
removed.” A more important conclusion, however, based on the results 
obtained by this study of the influence of the removal of the digestive 
products on the relative amounts of dextrin and maltose formed in 
salivary digestion, is that “by prolonged digestion of larger masses of 
starch or the shorter digestion of smaller quantities, the total amount 
of sugar which is formed and the small amount of dextrin which is 


1 Kühne and Chittenden. Zeitschrift fiir Biologie, Bd. Iz. p. 159; Bd. xx. p. 11; 
Bd. XXII. p. 409. Chittenden; Studies from Lab. Physiol. Cem. Tale University, 
Vols. 2, 3. 
_ 9 A Comparative Study of Artificial and Natural Digestions.” This Journal, Vol. x1. 


\ 
— 
» 
¢ 
> 
u 
> ‘ 


ARTIFICIAL AND NATURAL DIGESTION. 485 


simultaneously produced justifies the assumption that under the more 
favorable conditions existing in the alimentary canal, starch is completely 
converted into sugar before absorption.” If this is true of salivary 
digestion, may not a like assumption be applied to gastric digestion ? 
May it not be that the lack of complete peptonization seen in artificial 
gastric digestion is due to accumulation of the products of digestion, 
and that in natural digestion where rapid and complete removal of 
the products is accomplished by means of the marvellous activity of 
the living epithelial cells, a far greater proportion of proteid-food may 
reach the peptone-stage? Obviously, we cannot by any means at our 
disposal imitate this selective activity of the living cells, and must 
depend entirely upon the physical property of diffusibility which the 
products shew. But inasmuch as the primary changes impressed on 
alimentary principles by the digestive ferments are not, chemically 
speaking, of a profound character, but affect much more the physical 
state of these principles than their chemical composition, investiga- 
tion of their diffusibility and the influence of their removal from the 
digestive mixture on the activity of the ferment may prove of consider- 
able interest and profit. 

It has been, therefore, the main object of the present study to 
ascertain by experiment how far the action of pepsin-hydrochloric acid 
on proteids is influenced by the partial removal of the products of 
digestion as they are formed, and whether or no, under such conditions, 
complete peptonization is possible. Further, the results thus obtained 
have been verified to a certain extent by a study of the relative 
proportion of proteoses and peptone in the contents of the human 
stomach after a purely proteid diet. 


1. Comparison of the proteolytic action of pepsin-hydrochloric acid 
in a flask with that in a dialyzer. 


In the artificial digestion experiments in flasks previously recorded 
it was found a difficult matter to obtain from a natural proteid much 
more than 50 per cent. of peptone, even by the use of strong pepsin 
solutions and an abundance of dilute acid. Indeed, beyond a certain 
point, the introduction of an additional amount of dilute acid, even with 
an increase of pepsin, was not accompanied by any increase in the 
formation of peptone, thus perhaps indicating that the lack of complete 
peptonization there noted was not due, wholly at least, to accumulation 


1 Chittenden and Hartwell. Loc. cit. 
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of the products of digestion. Here, however, by carrying on a series of 
digestions in parchment tubes suspended in warm dilute acid a more 
thorough test of this point has been made. 

Methods employed. The apparatus employed was similar to that 
used by Lea“ in his experiments with saliva, except that it was 
considerably larger, and hence capable of holding a much larger quantity 
of fluid. It consisted of a glass cylinder 19 inches high and 5 inches in 
diameter, with a capacity of about 5 litres, having a small tubulure 
near the bottom, into which was fitted by means of a rubber cork a long 
glass tube with a stopcock by which the contents of the vessel could be 
drawn off at will. During the experiment, this cylinder was filled with 
dilute hydrochloric acid of the same strength as that contained in the 
artificial gastric juice, while in the acid fluid was suspended a loop of 
parchment paper tube’ within which were placed the pepsin-hydrochloric 
acid and the proteid to be digested. 

This cylinder was fitted into a larger cylinder of glass 20 inches 
high and 8 inches in diameter, of 17 litres capacity, the space between 
the two cylinders being filled in with water which was kept at a 
constant temperature of 38°C. by a current of heated water, which in 
turn was kept fairly constant by being passed through a long coiled 


pipe or worm immersed in water of a higher temperature. In this 
manner, after a little practice, the temperature of the fluids in the inner 


cylinder; i. e., the digestive mixture in the parchment tube and the 
surrounding fluid into which the products of digestion diffused, was 


kept quite constant at 38°C. Further, when desired a peristaltic-like 


movement could be communicated to the contents of the parchment 
tube by connecting it with a motor by means of a cord, as suggested by 
Lea. 

The proteids employed in the several series of experiments were 
coagulated egg-albumin, liquid egg-albumin and purified blood-fibrin. 
The coagulated egg-albumin was prepared by taking the whites of 
the necessary number of eggs, rupturing the enclosing membranes, 
diluting somewhat with water, and then coagulating the filtered fluid 
by pouring it into a large volume of boiling water acidulated with a 
little acetic acid. The resulting coagulum was then washed thoroughly 
with boiling water, pressed as dry as possible, and when ready for use a 


sampled portion was dried at 110°C. until of constant weight, in order 


1 Loc. cit. p. 227. 
+ This dialyzertube was such as has long been used by Kühne, and was obtained 
from the manufacturer, C. Brandegger of Ellwangen. 


, 


ARTIFICIAL AND NATURAL DIGESTION. 487 


to determine the content of dry albumin. Obviously, this residue 
contained in addition to the proteid matter some ash, but this was 
too small in quantity to need any consideration. Thus, one portion of 
the moist albumin coagulum weighing 10°5028 grams, equivalent to 
1°2596 grams of dry albumin, yielded on ignition 00217 gram ash, or 
about 0°2 per cent. calculated on the original coagulum, or 17 per cent. 
of the dry proteid. 

In the determination of the several products of digestion, the 
methods employed were much the same as those made use of on a 
former occasion’. When it was desired to stop a digestion, the ferment 
was killed by heating the solution to boiling. On cooling, the insoluble 
antialbumid was determined by collecting it on a weighed filter, washing 
it thoroughly with water, lastly with alcohol and ether and drying it at 
110°C. until of constant weight. In the acid filtrate, the neutralization 
precipitate was determined by careful neutralization with pure sodium 
carbonate, the mixture heated to near boiling and the precipitate 
collected on a weighed filter, thoroughly washed and dried at 110°C. 

The neutral filtrate and washings, containing the proteoses and 
peptone, were concentrated to a small volume, a drop or two of acetic 
acid added, and the fluid saturated while boiling hot with pure crystal- 
lized ammonium sulphate. The hot fluid could generally be decanted 
from the gummy precipitate of proteoses which adhered to the sides of 
the vessel. The albumoses were then redissolved in a small amount of 
water and again precipitated with ammonium sulphate, after which they 
were washed as thoroughly as possible with a hot saturated solution of 
the ammonium salt. In this manner, both peptone and sodium 
chloride“, which naturally adhered to the more or less gummy precipi- 
tate, were completely removed. Whether this method of separation 
gives absolutely correct results need not be discussed here. This much, 
however, is certain, that it is the most accurate method at present 
readily available, and in our opinion such error as may exist consists 
rather in an incomplete separation of a portion of the deuteroproteose 
than in a partial precipitation of the peptone. The precipitate of 
proteoses, together with the adherent ammonium sulphate, was dissolved 
in a little hot water and the solution, with any undissolved particles of 
hetero or dysalbumose carefully rinsed into a small weighed capsule, in 


1 Chittenden and Hartwell. This Journal. Vol. XII. p. 15. 
2 The complete freedom of the prot ipitate from sodium chloride was always 


made sure of, since the accuracy of the method employed depends in great part upon the 
freedom of this precipitate from everything but proteoses and ammonium sulphate. 
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which it was evaporated to dryness on a water-bath and then dried in 
an air bath at 110°C. until of constant weight. To determine the 
ammonium sulphate contained in the dried proteoses, the residue, after 
the final weight, was dissolved in hot water, the solution filtered from 
any insoluble residue and then made up to some definite volume, usually 
500cc. Of this solution, two portions, of 50 or 100c.. each, were 
drawn off with a pipette, diluted suitably with water, made faintly acid 
with dilute hydrochloric acid, and the sulphuric acid precipitated from 
the hot solution with barium chloride after the ordinary method. From 
the weight of barium sulphate thus obtained the equivalent in ammo- 
nium sulphate was calculated, and the amount deducted from the 
weight of the proteose precipitate. In every case, duplicate determina- 
N tions were made to insure freedom from error. Deducting the combined 
N weight of the proteoses, neutralization precipitate and antialbumid from 
| the weight of the dry proteid used in the digestion, gives, with a fair 
degree of accuracy, the amount of peptone formed. 
i The only other point to be considered in this connection is the 
| amount of proteoses introduced into each digestive mixture with the 
N pepsin employed. This was determined in each case by a control ü 
N experiment, in which a given weight of the pepsin was warmed at 38˙ C. 
N with a suitable volume of dilute acid for the same length of time as in 
the digestion experiments. The fluid was then analyzed, the neutraliza- 
; tion precipitate and proteoses being determined by the methods just 
| described and the necessary deductions or corrections, although slight, 
made in each case. 


ExpermmMent I. The make-up of the several digestive mixtures in this 
experiment was as follows: 

A. (Dialyzer). 400c.c. 0°2 per cent. hydrochloric acid containing 0-5 
gram of a very strong scale pepsin, and 50 grams of moist coagulated 
egg-albumin, the latter containing 5-45 grams of dry proteid. 

B. (Flask). 400 C. c. 0°2 per cent. hydrochloric acid with 0°5 gram scale 

pepsin and 50 grams moist albumin coagulum. 

(Flask). 400 c. 0. 0-2 per cent. hydrochloric acid with 05 gram scale 

pepsin and 25 grams moist albumin coagulum. 

X. (Flask). 200c.c, 0-2 per cent. hydrochloric acid al 15 grams of the 

scale pepsin, this mixture serving as a control by the analysis of which 

1 the necessary corrections could be made for the neutralization precipi- 

4 tate, proteoses, etc., introduced with pepsin into the several digestions. 
1 The hydrochloric acid used was made from chemically pure acid, and the sodium a 

carbonate used later on for neutralization of the large volume of dilute acid ee 

the dialyzer, was also chemically pure. 
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The mixture (A) destined for the dialyzer was at first, like the 
others, warmed at 38°C. in a flask until the albumin was dissolved | 
when the fluid was transferred to a carefully tested parchment tube, 
the last portions being rinsed in with a little 0°2 per cent. acid. Com- 
plete solution of the coagulated albumin occurred in an hour's time, 
which may serve as an indication of the proteolytic strength of the 
artificial gastric juice. The parchment tube with its contents was 
suspended in the inner cylinder of the apparatus above described in 
direct contact with a little over 3 litres of O2 per cent. hydrochloric 
acid, the whole being kept at a temperature of 38°C. throughout the 
experiment, which lasted eleven hours. Further, from time to time 
small portions (300—400 C. c.) of the acid diffusate were withdrawn from 
the cylinder and fresh 0°2 per cent. acid added. At the expiration of 
the eleven hours, the contents of the parchment tube were carefully 
poured into a suitable vessel and the tube thoroughly rinsed, after which 
further ferment action was prevented by heating the mixture to boiling. 
The solution was then analyzed with the results shewn in the following 
table. 

The 4 litres, or more, of acid diffusate, the contents of the cylinder 
plus the amounts withdrawn, were carefully neutralized with pure 
sodium carbonate, and then evaporated to a small volume. When 
quite concentrated, so much so that sodium chloride commenced to 
crystallize out, a precipitate made its appearance, evidently some proto 
or heteroalbumose which had diffused through the parchment membrane. 
The concentrated fluid was analyzed, the albumoses being determined by 
the method already described, with the results shewn in the accompany- 
ing table. 

The digestions in the flasks B, C and X were kept at 38°C. for the 
same length of time as digestion A; i.e. eleven hours, after which 
further proteolytic action was stopped by heating the mixtures to boiling. 
Each was then analyzed with the results shewn in the table following, 
slight corrections being made from the data obtained in X for the 
albumoses, etc. introduced with the pepsin. 

If the slow conversion of proteoses into peptone in artificial gastric 
digestion, previously commented on, is due wholly or in great part to an 
accumulation of the products of digestion, we certainly should observe a 
large increase in the amount of peptone formed in the dialyzer experi- 
ment, Any very noticeable increase in the above experiment, however, 
is wanting. There is, to be sure, as the results shew, 5.5 per cent. more 
peptone in A than in B, an increase which may doubtless be ascribed 
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to a partial withdrawal of the products of digestion by diffusion. But 
| when we consider the length of time the digestion was continued (11 
— and the large volume of acid diffusate, partially renewed from 


Experiment I. 
5-45 grams of dry albumin in A and BB. schemas ie 0. 


Antialbumid Neut. precipitate Albumoses Peptone 


gram p.. gram pe. grams p.c. | grams o. 
Dialyzer 0°1112 = 2°04 | 00249 = 0°45 | 29775 = 54°63 

41 Diffusate 0 0 0°2668 = 4-89 
Total 0°1112 = 2°04 | 0:0249 = 0°45 | 3:2443 = 59-52 20696 = 37°99 

B (Flask) 0°1118 = 2:05 00238 = 0°43 | 3°5490 = 65:11 | 17654 = 32-41 
C ) 00521 = 1-90 00094 = 0°34 | 16948 = 59°79 | 10352 = 37:97 


time to time, together with the necessary withdrawal from the parch- 
ment tube of more or less of the peptone formed, it is plain that in this 
| experiment at least, peptonization has not been greatly accelerated by 
1 this closer approximation to the natural process. Between A and C 
| there is a close similarity in results; which certainly shews the favor- 
| 


able effect of either direct dilution, or indirect dilution by withdrawal 

of the products of digestion as they are formed, on the proteolytic action 

of the ferment. But evidently more than this is needed to effect 

| complete peptonization, or anything approaching this condition. It is 
| to be further noticed, that so far as the formation of antialbumid and 
neutralization precipitate is concerned the withdrawal of the products 

i of digestion has no appreciable effect. A point of considerable interest, 
however, brought out by this experiment, is the diffusibility of the 
albumoses. That proteoses are more or less diffusible has long been 
known. In the many articles published on the various forms of 
proteoses this point has been commented on in a general way from 
time to time, but no quantitative experiments have been recorded. 
P. Horton Smith has likewise emphasized this diffusibility of pro- 
teoses in a recent study of the albumoses and peptones formed in the 
g peptonization of milk. In the above experiment (A), 59°52 per cent. of 
albumoses were found at the end of the eleven hours’ digestion at 38°C. 
Of these, 54°63 per cent. were found in the contents of the parchment 
dialyzing tube, while 489 per cent. were present in the acid diffusate. 


1 See Kühne and Chittenden. Zeitschrift fur 
| This Journal, Vol. xt. p. 54. 
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Or, expressing it in another way, of the amount of albumoses present at 
the end of the digestion 82 per cent. had diffused through the walls of 
the parchment tube in 10 hours at 38°C. Hence, from this it might 
perhaps be conjectured that the partial removal of the albumoses by 
their diffusibility, thus hurrying them from the presence of the ferment 
and consequently diminishing the material for the ferment to act upon, 
would tend to decrease the amount of true peptone formed. This 
diffusibility of the proteoses will be considered more in detail later on. 

When we take into account the far greater diffusibility of true 
peptone, as compared with that of proteoses in general, it is plain from 
the above results that a comparatively large amount of peptone must 
have been withdrawn from the digestive fluid by dialysis, without, 
however, producing any very marked increase in the formation of 
peptone. 


Experment II. In this experiment, fluid egg-albumin was used, being 
prepared after the manner recommended by Schiitz'. To every 300c.c. of 
fresh egg-albumen, 4°2c¢.c. hydrochloric acid of 1:12 specific gravity were 
added, the mixture shaken, and after standing some time freed from the 
precipitated globulin by filtration. The amount of albumin contained in the 
solution was determined by heating 10c.c. of the fluid, suitably diluted, to 
boiling and then neutralizing exactly with a few drops of a dilute solution of 
sodium carbonate. The coagulum was collected on a filter, washed, dried, 
and weighed. 

A. (Dialyzer). 350c.c. 0-2 per cent. hydrochloric acid, with 0°5 gram of 
a strong scale pepsin, and 60c.c. of the prepared fluid egg-albumin, | 
equivalent to 5-655 grams of dry albumin. 

B. (Flask). The same mixture as in A. 

X. (Flask). A control experiment with pepsin-hydrochloric acid alone. 


All three mixtures were warmed at 38°C. for ten hours; A in the 
dialyzer, or parchment tube, being surrounded by the same volume of 
0˙2 per cent. hydrochloric acid as in the preceding experiment (a little 
more than 3 litres) and under all the conditions described there, portions 
of the diffusate being withdrawn from time to time and fresh quantities 
of acid added. At the end of the ten hours, the contents of the flasks 
B and X were heated to boiling to destroy the ferment, the contents of 
the dialyzing tube were carefully removed and further action stopped 
by boiling, while the large volume of acid diffusate was neutralized and 
concentrated. The several solutions were then analyzed after the 


1 Zeitschrift fiir physiol. chem. Bd. rx. p. 581. 
PH. XIV. 34 
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methods already described. The results are shown in the accompanying 
table, the necessary corrections having been made from the data obtained 
in X. 
Experiment II. 
5-655 grams of dry albumin in A and B. 


Antialbumid Neut. precipitate Albumoses Peptone 


— 


gram p. e. grams p- e. grams p. o. 
04165 - 05 29 00213 = 0°37 | 3°5248 = 62°33 

0 0-2295 = 4-05 
4 90306 0°29 | 0°0213 = 0-37 37543 = 66°38 18629 = 32°95 


B (Flask) 00289 = 0°51 | 0°0150 = 0-26 | 3-7889 = 67-00 | 1°8222 = 32-22 


Here, we see practically no difference in proteolytic action between 
the digestion in the flask and in the dialyzer; the results are almost 
identical, Further, in this digestion as in the preceding, we see that a 
certain amount of the albumoses have passed through the parchment 
walls of the dialyzer ; 405 per cent. of the total proteid matter, or 6˙1 
per cent. of the albumoses present at the end of the digestion. 


Experiment III. The proteid matter employed in this digestion was 
blood-fibrin, which had been thoroughly washed with water, boiled in water 
and extracted with cold and hot alcohol. Lastly, it was boiled again with 
water to displace the alcohol. 

A. (Dialyzer). 400 c. 0˙2 per cent. hydrochloric, acid, with 0°5 gram 
powdered pepsin and 25°0 grams of moist oe equivalent to 
10°9 grams of dry proteid. 

(Flask). Same mixture as in A. 


B. 
X. (Flask). A control experiment with pepsin-acid alone. 


Experiment III. 
10-9 grams of dry fibrin in A and BB. 


Antialbumid & neutral. precipitate Proteoses Peptone 
gram p. o. grams p. o. grams p. o. 
Dialyzer 04352 = 40 55447 = 50°86 
A | Dia 0 0°3830 = 3°51 
Total 0°4352 = 4-0 5°9277 = 54°37 45371 = 41-62 
B (Flask) 04673 = 4:3 5°8729 = 53°88 45598 = 41:83 
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These digestions were warmed at 38°C. for 8 hours, in all other respects 
being treated in exactly the same manner as in the two preceding experiments. 
Antialbumid and the neutralization precipitate, however, were determined 


together. 


Here, again, no difference is to be noticed in the amount of peptone 
formed in the two digestions, although there must have been a rapid 
removal of the diffusible products from the contents of the dialyzer tube, 
as is evidenced by the diffusion of 6:4 per cent. of the formed proteoses. 


Experiment IV. In this experiment, the pepsin solution employed was 
prepared by warming scrapings from the mucous membrane of a pig’s stomach 
with 0-4 per cent. hydrochloric acid, for some time, at 38°C., purifying the 
solution by dialysis, and finally bringing the acidity up to 0:2 per cent. HCl. 
The proteid matter used was blood-fibrin prepared as in the preceding 
experiment. 

A. (Dialyzer). 200c.c. of the prepared pepsin-acid solution and 200 C. e. 
0-4 per cent. hydrochloric acid, making a total of 400 c. c. 0°3 per cent. 
hydrochloric acid with the contained pepsin. To this were added 25 
grams of the prepared blood-fibrin, equivalent to 8-2 grams of dry 
proteid. 

B. (Flask). Same composition as A. 

X. (Flask). 200c.c. of the prepared pepsin-acid solution and 200 c. o. 0°4 
per cent. hydrochloric acid. 


These mixtures were warmed at 38°C. for 9 hours. Solution of the 
fibrin was very rapid in both A and B, indicating that the pepsin was 
quite active, but as seen from the results, the formation of peptone was 
not large. Neither was there any noticeable difference in the relative 
proportion of proteoses and peptone in A and B. 


Experiment IV. 
8-2 grams of dry fibrin in A and B. 


— 


Antialbumid & neutral. precipitate | Proteoses Peptone 
gram p. o. grams p.c. | grams p. e. 
41 Diffusate 0 0-1768 = 215 


53971 = 65°75 20128 = 245 
110 5.2494 = 63-00 20486 = 
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Expermment V. The pepsin-hydrochloric acid solution was the same as 
that used in the preceding experiment. The proteid was coagulated egg- 
albumin. 

A. (Dialyzer). 200c.c. of the prepared pepsin-acid solution, 200¢.c. 0-4 3 
per cent. hydrochloric acid and 50 grams of the moist albumin 
coagulum, containing 5-5 grams of dry proteid. 

B. (Flask). Same composition as A. 

X. (Flask). Pepsin-acid control. 

The mixtures were warmed at 38°C. for 8 hours and then analyzed with 
the following results : 


EXPERIMENT V. 


5°50 grams of dry albumin in 4 and . 


Antialbumid and neutral. precipitate | Albumoses Peptone 
gram p. o. | p. o. grams p. o. 
Dialyzer 03753 = 6°8 | 39882 = 72°5 
41 Diffusate 0 02834 = 51 
Total 03753 = 68 | 4°2716 = 776 0°8531.= 15°5 
B (Flask) 0:2913 = 53 | 3°9034 = 71°0 1:3053 = 23-7 


Here, for some reason, there appears to have been less proteolytic 
action in A than in B; seen not only in the lesser yield of peptone, 
but also in the larger percentage of antialbumid and neutralization 
precipitate. It is difficult to find a rational explanation of this peculiar 
result, unless it is dependent upon the rapid diffusion of a portion of 
the albumoses thus diminishing the amount of primary cleavage pro- 
ducts to be converted into peptone, or possibly to a dilution the of 
contents of the dialyzer tube attendant upon the rapid exit of the 
diffusible products formed. Against this latter explanation, which is 
theoretically quite plausible, we have the lack of any similar observation 
in the several other experiments recorded. 

The results of the five experiments described, so far as they bear on 
the relative formation of proteoses and peptone, may be conveniently 
exhibited in the following table: 
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Proteoses Peptone 
Experiment 
Dialyzer and Dialyzer and 
Flask Diffusate Flask 


| 


No. I. | 59°52%, 65.11% 37.99 32-41 


„ IL | 6638 | 67-00 32-95 32-22 
„ III. | 5437 | 53-88 41-62 41-83 
„ IV. | 6575 6300 24-50 24-90 
„ Ve | 7760 7100 15°50 23-70 


It is thus evident that the slow and incomplete peptonization, so 
often commented upon as characteristic of artificial gastric digestion, is 
not materially modified by this closer approach to the natural process. 
Under the conditions described, the several digestions carried on in the 
dialyzer tubes were certainly accompanied by a fairly rapid withdrawal 
of the diffusible products of digestion, yet no appreciable difference is to 
be noted in the proportion of the final products. The parchment 
dialyzer tubes were of small diameter and quite long, consequently when 
suspended in the 3—4 litres of warm 0˙2 per cent. acid the conditions 
for rapid diffusion were very favorable. Yet, under such circumstances, 
the partial removal of the products of digestion thus accomplished 
appears to have influenced but little the proteolytic action of the 
ferment. In other words, the results here obtained favor the view 
that the conversion of the primary products of gastric digestion into 
true peptone is a slow and gradual process, even under the most favor- 
able circumstances. It is our belief that complete peptonization is not 
a property of gastric digestion, either in the artificial or in the natural 
process. The action of pepsin-hydrochloric acid is rather a preliminary 
stage in proteolytic digestion; a preparation for the more important 
changes peculiar to the small intestine, in which the more energetic alka- 
line trypsin solution plays a conspicuous part. In favor of this view we 
have the well-known fact that some natural proteids are exceedingly 
resistent to the ordinary solvent action of pepsin-hydrochloric acid, 
while readily attacked by pancreatic juice. This is true to a certain 
extent of the proteids of muscle tissue. Cooked beef, for example, is 
far less readily dissolved by artificial gastric juice than by pancreatic 
juice, while blood-fibrin, on the other hand, succumbs as readily to pepsin- 
hydrochloric acid as to trypsin solutions, although the formation of 
peptone in the former case is far less rapid. The latter constitutes one 
of the striking points of difference between the gastric and pancreatic 
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digestion of proteids. In gastrie digestion, a digestible proteid may be 
quickly transformed into primary proteoses and then more slowly into 
the secondary proteose, after which conversion into peptone progresses 
very slowly. With pancreatic digestion, on the other hand, a digestible 
proteid may be more or less rapidly converted into soluble proteoses, 
these in turn being quickly and more or less completely transformed 
into true peptone. Again, it seems quite possible that the proteoses 
formed in gastric digestion may be directly absorbed to a certain extent. 
They are certainly more closely related to the proteids found in the 
circulating blood than are true peptones, and although less diffusible 
through vegetable parchment than the latter, they may perhaps be 
absorbed from the alimentary tract in virtue of the selective activity of 
the epithelial cells, especially in the intestine. If so, it is easy to see 
that the changes incidental to a reconversion into the circulating pro- 
teids of the blood would be less profound than in the absorption of true 
peptone. 

While, then, our results favor the view that the lack of complete 
peptonization in artificial gastric digestion is not due to accumulation 
of the products of digestion, but is rather an inherent quality of pepsin- 
hydrochloric acid under all circumstances, it is not to be considered 
that our dialyzer digestions approach the conditions existent in the 
alimentary tract other than in the crudest way. In natural digestion, 
the products formed are unquestionably removed from the digestive 
tract with far greater rapidity and much more completely than is 
possible in our artificial digestions. Further, in the natural process 
there is a more or less continual addition of fresh quantities of gastric 
juice and, doubtless, in a concentrated form. These conditions cannot 
well be imitated in an artificial digestioa, and what their influence on 
peptonization in the stomach may be, can only be conjectured. This 
much, however, certainly seems plausible; viz. if complete peptonization 
is characteristic of gastric digestion and our failure to observe it in 
ordinary artificial digestions is due to accumulation of the products of 
digestion, then certainly some results favorable to this view should 
have been obtained in our dialyzer experiments. On the other hand, 
it is not to be necessarily inferred that withdrawal of the products of 
digestion, as by dialysis, is without influence on the action of the 
ferment. Doubtless, with more concentrated solutions, the results of 
the dialyzer experiments would have shewn some favorable influence 
exerted by the partial withdrawal of the products of digestion ; but our 
aim has been not to study the influence of dialysis oa gastric digestion 
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but simply to ascertain whether the lack of complete peptonization in 
gastric digestion is due, to any great extent, to the accumulation of the 
products of digestion. And with this end in view our experiments have 
been conducted under those conditions which experience has taught us 
lead to the largest yield of peptone ; viz. a fairly large proportion of 
dilute acid (0°2 per cent. HCl), which necessarily means a fair degree of 
dilution. Under such conditions, withdrawal of a portion of the 
products of digestion is apparently without influence on peptonization 
by pepsin-hydrochloric acid, or at least does not lead to complete 
peptonization. 


2. The relative proportion of proteoses and peptone in natural 

gastric digestion in the human stomach. 

In any attempt to study the formation of proteoses and peptone in 
gastric digestion, as it takes place in the human stomach, we are at 
once confronted with two difficulties. The first and more important one 
is the possible rapid removal of the more diffusible products of digestion, 
i. e., the peptone, from the stomach contents, while the less diffusible 
proteoses naturally remain, and on analysis give misleading results 
as to the relative formation of proteoses and peptone. On this question 
of removal of diffusible products from the stomach by absorption, 
there is more or less diversity of opinion. Leal, for example, assumes 
that “normally the products of digestion, whether proteid or carbo- 
hydrate, are never met with in either the stomach or intestine in 
other than the smallest amounts, frequently to be described as merely 
traces.” Other writers claim a far less rapid withdrawal of the products 
of digestion from the stomach than from the intestine. Indeed, as is 
well known, the facilities for absorption from the intestine, as indicated 
by structural peculiarities, are far better than are to be found in the 
stomach. No one, of course, doubts the absorption of diffusible products 
from the stomach to a greater or less extent, but it may well be 
questioned whether such absorption is as complete as indicated by 
Lea’s statement. If it is, then certainly any analysis of the stomach 
contents would simply shew a preponderance of the non-diffusible 
products of digestion and hence fail to throw any light on the relative 
formation of proteoses and peptone in natural gastric digestion. The 
second difficulty to be considered, is the natural onward passage of the 
stomach contents in to the duodenum. This tendency obviously limits 


1 This Journal. Vol. XI. p. 240. 
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the length of time a test meal can be allowed to remain in the stomach, 
since naturally the more fluid portions of the acid chyme with its 
semi-digested proteids would pass from the stomach first, and thus be 
lost for analysis. With a full recognition of these possible drawbacks, a 
few experiments! have been tried in order to gain some insight on 
peptonization in the living stomach. 

The first experiment was simply a qualitative one, with a view to 
obtaining a general idea of the results to be expected. The subject was 
a young man in perfect health, with vigorous digestive powers. Three 
hours after a light breakfast, the stomach was washed out with a litre 
or more of warm water, until the washings came away perfectly clear 
and free from acidity. In washing out the stomach and in the with- 
drawal of the stomach contents at the end of the digestive period, a 
rubber tube used as a syphon was employed with a funnel attached, 
after the manner recommended by Ewald. After the stomach was 
cleansed, 88 grams of moist coagulated egg-albumin, thoroughly broken 
up by trituration in a mortar, were taken into the stomach, a sprinkle 
of salt being added to increase its palatability. This amount of moist 
coagulum contained about 10 grams of dry albumin. 

At the end of an hour's digestion, the contents of the stomach were 
withdrawn, about half a litre of water being used to accomplish this 
and to rinse the stomach. The fluid was tinged slightly yellow with 
bile and contained considerablé mucus, but no particles of undissolved 
albumin were to be seen. The fluid was quickly boiled to check further 
proteolytic action and then filtered. It was next neutralized with 
sodium carbonate and concentrated to a small volume. Only a small 
neutralization precipitate was obtained. The concentrated fluid, con- 
taining any albumoses and peptone present, was saturated while hot 
with ammonium sulphate, and yielded a gummy precipitate sticking to 
the rod and sides of the dish. In the filtrate, a distinct and fairly 
strong biuret reaction was obtained, shewing the presence of true 
peptone. The albumose precipitate was fairly large in amount and on 
being tested was found to contain considerable protoalbumose, as well 
as deuteroalbumose. Hence, from this experiment, it is evident that 
peptone is not entirely removed from the stomach contents as soon as it 
is formed, and further, that complete solution of the proteid matter is 
not by any means synonymous with complete peptonization in natural 


1 These experiments were conducted by Dr George S. Woodward on himself, the 
analysis of the stomach contents having been made mainly by him, under the writer’s 
supervision. 
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gastric digestion any more than in the artificial process. Judging from 
the intensity of the biuret reaction, the amount of peptone present in 
the solution must have been considerably less than the amount of 
albumose, although of course we have no clue as to the amount of 
peptone that may have been absorbed, and thus removed from the 
stomach contents. 

Other preliminary trials shewed us that by using such finely divided 
albumin, solution took place very quickly, and that in an hour's time 
either the particles were entirely dissolved or else had escaped into the 
duodenum. It will be remembered, however, that in some of our 
artificial digestions in flasks, the coagulated albumin was entirely 
dissolved in an hour at 38°C. If, however, the albumin was introduced 
into the stomach in larger lumps, thus retarding somewhat the rate of 
proteolytic action, some of the undissolved particles of albumin invariably 
clogged the stomach tube and thus caused much trouble in the removal 
of the stomach contents. 

First Quantitative Experiment. 138 grams of finely coagulated egg- 
albumin, equal to 16 grams of dry albumin, were ingested at 11.30 a.m., 
the stomach having been thoroughly washed out a short time before. 
About three-fourths of an hour thereafter, the contents of the stomach 
were removed by lavage and the mixture quickly brought to boiling, 
and filtered from more or less mucus which was present. The clear 
filtrate was then neutralized, yielding a little acid-albumin, and con- 
centrated to a small volume. The albumoses present in the solution 
were then separated by saturation with ammonium sulphate and the 
amount determined, by the method already described. As a result, 
1-413 grams of albumoses were found in the stomach contents. 

The ammonium sulphate-saturated filtrate and washings from the 
albumose precipitate, containing the peptone present, were diluted some- 
what with water and then treated with a saturated solution of barium 
hydroxide until the ammonium sulphate was entirely decomposed. At 
last, a slight excess of barium hydroxide was added and the mixture 
heated gently for some time, until the free ammonia was entirely 
removed from the fluid. The solution was then filtered from the heavy 
precipitate of barium sulphate, the latter washed thoroughly both by 
decantation with large volumes of water and on the filter with warm 
water to completely remove all traces of peptone. The filtrate and 
washings were then concentrated to a small volume, the fluid being made 
exactly neutral by the addition of a drop or two of very dilute sulphuric 
acid. The barium sulphate was next removed by filtration, after which 
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the filtrate and washings were evaporated to dryness in a weigbed 
capsule, and dried at 110°C. until of constant weight. The residue, so 
obtained, containing all of the peptone together with sodium chloride and 
other inorganic salts, with perhaps some organic matter, weighed 1835 
grams. In this residue, peptone was next determined by use of the 
phosphotungstic acid method’, It was dissolved in a little warm water, 
the solution acidified with sulphuric acid so that the mixture contained 
approximately 6 per cent. H,So, and precipitated with a large excess of 
phosphotungstic acid. After standing over night, the peptone compound 
was filtered off, washed with 5 per cent. sulphuric acid until the excess 
of phosphotungstic acid was entirely removed, then decomposed with 
warm baryta water. The resultant solution, containing the peptone- 
baryta compound with some little excess of baryta, was made as near 
neutral as possible with dilute sulphuric acid, the solution concentrated, 
and again tested to make sure of neutrality. The clear solution, freed 
from all barium sulphate by filtration, was concentrated to a very small 
bulk and precipitated by a large volume of absolute alcohol. This final 
precipitate of peptone was then dissolved in a little water and the 
solution evaporated to dryness in a weighed capsule, after which it was 
dried at 110°C. until of constant weight. 

The peptone thus obtained weighed 0°8365 gram. Unquestionably 
it still contained some inorganic salts, for peptone never yet has been 
separated, by this or any other method, without containing some 
admixture of mineral matter. This, however, may not be more than 
enough to compensate for the natural loss of peptone to be expected in 
such a long and tedious method of separation. 

Considering, now, the results as obtained, we see that the stomach 
contents contained, at the time they were withdrawn from the stomach, 
14130 grams of albumoses and 0°8365 gram of peptone, the relative 
proportion being expressed by 62 per cent. of albumoses and 37 per 
cent. of peptone, calculated on the 22495 grams of soluble products 
recovered. The amount of dry albumin introduced into the stomach 
was 16 grams, so that only about one-seventh was recovered as albumoses 
and peptone. There should be added to this the weight of the neutrali- 
zation precipitate, which, however, was slight; but at the time the 
experiment was tried the sole point in mind was to obtain the relative 
amounts of albumoses and peptone. How much of this deficit is due to 
absorption of the more diffusible products, and how much to passage 


Kühne and Chittenden. “Ueber die Peptone.” Zeitschrift fir Biologie. Bd. 
XXII. p. 440. 
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into the intestine, can only be conjectured. A certain amount of the 
deficit must also be ascribed to the lack of complete withdrawal of 
products from the stomach. The main point sought for, however, in 
these experiments, was the rate of peptonization. Digestion is here 
obviously more rapid than in a flask, or in a dialyzer; this would 
naturally be expected, but we see much the same relative proportion of 
albumoses and peptone in the soluble products found as in the artificial 
digestions. The results certainly do not point to complete and rapid 
peptonization as a necessary feature of gastric digestion in the stomach. 

Second Quantitative Eaperiment. 165 grams of finely divided, 
coagulated egg-albumin were introduced into the stomach at 11.30 a. m., 
the stomach having been previously washed out. This amount of 
coagulum was equivalent to about 19 grams of dry albumin. At 
12.30 p.m., one hour after, the contents of the stomach were syphoned 
off and the ferment killed by boiling. In this case, some little undis- 
solved albumin was noticed, and on neutralization of the acid fluid, 
quite a heavy flocculent precipitate of acid-albumin resulted, shewing 
that digestion had not gone so far as iu the preceding experiment, 
although the latter was of shorter duration. Further, on concentration 
of the neutralized fluid, a little coagulum separated, doubtless coming 
from the coagulation of some dissolved acid-albumin or heteroalbumose. 
Evaporation of the filtrate from this coagulum gave on drying at 110°C. 
a residue weighing 3937 grams. From this was separated, by the 
methods already described, 2293 grams of albumoses. Assuming that 
the difference between the weight of albumoses found and the weight of 
the total residue was all peptone, it would give for the latter only 1644 
grams. But in reality, the actual amount of peptone present was 0°698 
gram. This would shew 76 per cent. of albumoses against 23 per cent. 
of peptone in the soluble products recovered. Plainly then, as before 
stated, peptone is not absorbed from the stomach as soon as formed, and 
can be detected in appreciable quantity in the stomach contents. Again, 
in the two quantitative experiments reported, the albumoses are found 
considerably in excess of the peptone, as in the artificial digestion 
experiments, although we can make no definite statements as to the 
amount of peptone that may have been absorbed. In our opinion, 
however, the results, so far as they extend, lend favor to the view that 
complete peptonization is not necessarily a feature of natural gastric 
digestion, any more than of the artificial process; although it is 
undoubtedly true, that the successive changes characteristic of gastric 
digestion are more quickly accomplished in the natural process. Further, 
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this view would well accord with the position which gastric digestion 
may be assumed to occupy in reference to the proteolytic changes going 
on in the alimentary tract, viz.: as a preliminary step preparatory to the 
more profound changes characteristic of pancreatic digestion. And just 
here it may be mentioned incidentally, that the gradual diffusibility of 
the albumoses, brought out by our experiments, may serve as a means 
for their partial utilization by absorption, without necessarily involving 
a complete conversion into the more diffusible peptone. 


3. The diffusibility of proteoses and peptone. 


In the original article describing the individual albumoses’, attention 
was called to the fact that these bodies, like peptone, are diffusible, 
although not readily so. Still, it was noticed even then, that by long- 
continued dialysis of albumose preparations the loss amounted to 
considerable. This peculiarity of albumoses, or of proteoses in general, 
does not appear to have been widely recognized. In fact, in many 
published accounts of the albumoses, it is not uncommon to meet with 
the statement that these bodies resemble albumin by reason of the fact 
that they will not diffuse through membranes, and hence differ very 
markedly from the readily diffusible peptone. As a matter of fact, 
proteoses are diffusible, and in this respect may be considered rather as 
occupying a position between the non-diffusible albumin and the readily 
diffusible peptone. Still, quantitative experiments demonstrating the 
extent of this diffusibility have been wanting“, and consequently it has 
been the object of the following experiments to obtain a few quantitative 
data regarding the diffusibility of proteoses and peptone formed by 
proteolytic action. 

In the digestion experiments carried on in parchment dialyzer tubes, 
already recorded, it was found that the proteoses resulting from the 
digestion of egg-albumin and blood-fibrin in pepsin-hydrochloric acid, 
shewed a diffusibility under the given conditions amounting to 3˙2—8˙2 
per cent. of the total proteoses formed. Eliminating the single low 
result (3°27 per cent.) the average of the other four closely agreeing 
results shews a diffusibility amounting to 68 per cent. for 9 hours 
dialysis at 38°C. Here it is to be remembered that diffusion of the 


1 Kühne and Chittenden. Ueber Albumosen.” Zeitschrift fiir Biologie. Bd. xx. 
p. 27. 
2 Since this was written, a paper by Kühne has appeared, Erfahrungen über albu- 
mosen und Peptone.” Zeitschrift fiir Biologie. Bd. xxix. p. 1, in which are recorded 
some experiments on the diffusibility of albumoses. 
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several albumoses commenced at the very moment of their formation 
and in the presence of 0°2 per cent. hydrochloric acid; a fact which may 
have some influence upon the rate of diffusion. Again, it may be that 
these bodies are influenced in their diffusibility by the presence or 
diffusion of other products, notably peptone, formed at the same time. 

In the experiments about to be described, parchment paper tubes’ 
were employed, having a diameter of 12 inches, the same as those used 
in the dialyzer experiments already recorded. It is to be remembered, 
however, that while these tubes are all apparently alike, they may differ 
from each other somewhat in the thickness of their walls, and doubtless 
somewhat in their permeability. On this account, if for no other reason, 
minor differences at least may be expected in the results. Naturally, 
every tube used was carefully tested prior to the experiment, to make 
sure that it was entirely free from leakage. 

The method employed was very simple ; a given weight of the pure 
substance to be tested, previously dried at 110°C., was dissolved in a 
definite volume of water, usually in such proportion as to make 
approximately a 1 per cent. solution. It was then introduced into the 
parchment tube, the last portions being carefully rinsed in with a little 
water, and the tube suspended in a large cylinder (of either 4} litres 
capacity or 17 litres), filled with water kept at a constant temperature, 
and with a slow current of fresh water at the same temperature 
continually passing through it. 

At the end of the dialysis, the amount of substance which had 
diffused was determined by evaporating the contents of the parchment 
tube, together with all of the washings required in thoroughly cleansing 
it, to a small volume, when it was transferred to a weighed capsule, 
evaporated to dryness, und finally dried in an air-bath at 110°C. until 
of constant weight. The difference between the weight of the substance 
originally taken and the amount recovered gives with a fair degree of 
accuracy the rate of diffusion. 

The albumoses and peptone used in the following experiments were 
prepared from coagulated egg-albumin by digestion with pepsin-hydro- 
chloric acid, and were separated by the usual methods, already well 
known. They were as pure as such preparations can well be obtained, 
none of them having more than 2 per cent. of ash, and this presumably 
composed wholly of non-diffusible salts, since all of the bodies had been 
purified by long-continued dialysis. 


! Obtained from the manufacturer, C. Brandegger, of Ellwangen, Wiirtemberg. 
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Experment I. With protoalbumose. 


A B 
Duration of dialysis 8 hours 8 hours 
Temperature 38° C. 10° ©. 
Water surrounding dialyzer tube 4˙5 litres 4°5 litres 
Substance used (in 200 C. o. H, O) 19876 grams 19327 
recovered 18863 „ 18829 „ 
„ diffused 01013 „ 00498 „ 
5 5 5-09 per cent. 2-57 per cent. 
Experiment II. Mixtwre of proto and deuteroalbwmose’. 
A B 
Duration of dialysis 6 hours 6 hours 
Temperature 38° N. 
Water surrounding dialyzer tube 4 litres 4 litres 
Substance used (in 200 c. o. H,O) 2-4504 grams 20131 
„ recovered 22741 „ 19623 „ 
» diffused 01763 „ 00508 „ 
6 me 7°2 per cent. 2-5 per cent. 
Experiment III. Miature of proto and deuteroalbumose. 
A B 
Duration of dialysis 8 hours 8 hours 
Temperature 38° C. 8 C. 
Water surrounding dialyzer tube 4°5 litres 4˙5 litres 
Substance used (in 200 c.c. H,O) 1-8419 grams 2°2263 grams 
recovered 17332 „ 21849 „ 
„ diffused 01087 „ 00414 „ 
1 - 5°9 per cent. 1°85 per cent. 
Experiment IV. Aſiæture of proto and deuteroalbumose. 
A B 
Duration of dialysis 6 hours 7 hours 
Temperature 38° O. 38° C, 
Water surrounding dialyzer tube 17 litres 17 litres 
Substance used (in 200 c. c. H, O) 2°3275 grams 3°6163 grams 
5 recovered 2•1561 „ 3·3456 „ 
„ diffused 01714 „ 0:2707 „ 
5 10 7°36 per cent. 7°48 per cent. 


1 This mixed albumose was the acetic acid precipitate, obtained on adding a little 
salt-saturated acetic acid to a solution of albumoses, from which heteroalbumose and the 
greater portion of the protoalbumose had been previously removed by saturation of the 
neutral fluid with sodium chloride. This precipitate, which is well known to be a mixture 
of proto and deuteroalbumose with the former predominating, was purified by dissolving 
in water, neutralizing, and dialyzing in running water until the diffusible salts were 
entirely removed. The solution was then concentrated and the albumoses precipitated 
by alcohol, washed with alcohol, ether, and dried at 110°C. 
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Experment V. Deuteroalbumose. 


A B 
Duration of dialysis 7 hours 7 hours 
Temperature 38° . 10° C. 
Water surrounding dialyzer tube 4°5 litres 4°5 litres 
Substance used (in 200c.c.H,O) 25121 grams 2°5162 
recovered 24565 „ 24629 „ 
diffused 0°0556_,, 00533 „ 
1 70 2˙21 per cent. 2°11 per cent, 
ExpermMent VI. Deuteroalbumose 
Duration of dialysis 3 hours 
Temperature 38° C. 
Water surrounding dialyzer tube 17 litres 
Substance used (in 150 c. c. H,O) 12977 
a recovered 12737 „ 
diffused 0˙0240 „ 
1-84 per cent. 


Experiment VII. 
a. With protoalbumose. 
5. With a mixture of proto and deuteroalbumose, i. e. the shows described 
acetic acid precipitate. 
In this experiment, C parchment 
paper, suspended in the water. The parchment was considerably thicker and 
heavier than that composing the parchment tubes ordinarily used. 


A B 
Protoalbumose Mixed albumoses 
Duration of dialysis 8 hours 7 hours 
‘Temperature 38° C. 38° C. 
Water surrounding dialyzer tube 17 litres 17 litres 
Substance used (in 200 c.c. H, O) 17373 grams 4°2370 grams 
as recovered 15986 „ 40603 „ 
diffused 0°1387 „ 01767 „ 
10 1 7°9 per cent. 4°17 per cent. 
Experiment VIII. With peptone. 
A B' 
Duration of dialysis 6 hours 6 hours 
Temperature 38° O. 38° C. 
Water surrounding dialyzer tube 17 litres 17 litres 
Substance used (in 150 c. c. H,O) 15205 grams 15530 grams 
recovered 13526 „ 13842 „ 
10 diffused 0-1679 „ 0-1688 _,, 
” 9 11-0 per cent. 10°80 per cent. 


A different sample of peptone, prepared, however, in essentially the same manner 


as A, 
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From these few data we see more or less of a confirmation of the 
results obtained in the dialyzer-digestion experiments; indeed, the : 
average rate of diffusion in the above seven experiments with albu- | 
moses is much the same as noticed in the preceding digestion experi- 
ments. We may conclude, then, that albumoses, either separately | 
or collectively, are capable of passing through parchment paper with 
| a fair degree of rapidity, de., they ave diffusible, and their diffusibility 
| is controlled or modified by the character of the conditions under 
which the experiments are tried. Thus, elevation of temperature : 
alone causes a marked increase in the rate of diffusion, the ratio being 
in the neighbourhood of 3 to 1 for the temperatures 38°C. and 8°C. 
Very remarkable, however, is the behavior of deuteroalbumose. 
According to all preconceived ideas this body should have a much 
higher endosmotic equivalent than a primary albumose, yet our 
results shew that pure deuteroalbumose, under the conditions of our 
experiments, diffuses less rapidly than protoalbumose. As we fail to 
find any error in the work, we are forced to accept the correctness of 
the results, although there is some evidence that a mixture of proto 
and deuteroalbumose diffuses more rapidly than protoalbumose alone. 
True peptone, as seen from the above experiments, is, as would be | 
expected, more diffusible than either of the two antecedent bodies. 
| Obviously, we cannot draw any definite conclusions from these 
| results obtained with a parchment membrane, as to the absorption of 1 
albumoses in the alimentary tract. As Waymouth Reid? has well 

| pointed out, we have to deal in a living membrane with an absorptive | 
1 force, doubtless dependent upon protoplasmic activity and comparable, | 

. in part at least, to the excretive force of a gland cell. Moreover, the 
wonderful power of selection residing in the protoplasm of the epithelial 
cells may be even more potent than we can imagine. 

Omitting, then, all attempts to draw any broad deductions from the | 
few results recorded above, we may simply state that the albumoses a 
| formed in gastric digestion, like true peptone, possess a certain power of 
osmosis through vegetable parchment, although to a lesser degree. But 
even here, our results are to be taken, not as an exact quantitative | 
expression of osmotic power, but rather as a general indication of the 
| rate of diffusibility under certain definite conditions. For not only will 
| temperature exercise a potent influence in determining the extent of 
diffusion, but the strength of the albumose solution, the volume of the 1 
surrounding water, the surface exposure, the thoroughness with which 


1 This Journal. Vol. x1. p. 312. 
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the water in the diffusate is changed, and even the character of the 
parchment paper itself, all exert, to a certain extent, a modifying 
influence upon the rate of diffusion. Thus we have found noticeable 
quantitative variations in using different grades and varieties of parch- 
ment paper, but we have reported more fully the results obtained with 
the parchment paper tubes, because they are more widely used for 
experiments of this character and the results have therefore a more 
practical value. 


Diffusibility of gelatoses. 

In this connection, we append here a short series of results 
obtained in a study of the diffusibility of gelatoses, prepared by the 
digestion of gelatin with artificial gastric and pancreatic juice. The 
preparations employed were those previously analyzed and described in 
a former paper “on the primary cleavage products’ formed in the 
digestion of gelatin.” These results may be of interest, not only as 
extending our knowledge of the diffusibility of the primary products 
resulting from the digestion of proteids and albuminoids, but also from 
the fact that gelatoses must frequently be formed by the action of 


_ bacteria, when gelatin is used as the basis of a culture medium, and it 


becomes a point of some practical importance to know regarding their 
diffusibility. 

The methods employed were identical with those already described ; 
the dialyzers being made from the parchment paper tubes of Brandegger, 
and the gelatoses dissolved so as to make approximately a 1 per cent. 
solution. 


A. Protogelatose, formed in gastric digestion. 


EXPERIMENT I. 


B 

Duration of dialysis 8 hours 8 hours 
Temperature 38° C. 12°C. 
Water surrounding dialyzer tube 4°5 litres 4°5 litres 
Substance used (in 150 c. c. H,O) 15508 grams 15228 grams 

recovered 15119 „ 14860 „ 

diffused 00389 0˙0368 „ 

“i * 2°50 per cent. 2°41 per cent. 


7 1 Chittenden and Solley. This Journal. Vol. xm. p. 28. 
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Experiment II. 


Duration of dialysis 
Temperature 
Water surrounding dialyzer tube 
Substance used (in 200 de. H, 0) 
recovered 
diffused 


EXPERIMENT III. 


4 
Duration of dialysis 8 hours 
Temperature 38° VO. 
Water surrounding dialyzer tube 4°5 litres 
Substance used (in 200 c.c. H, O) 22055 grams 
„ recov 271023 _ „ 
„ diffused 0-1032__,, 
* 5 4°67 per cent. 
Experiment IV. 
A 
Duration of dialysis 4 hours 
Temperature 38° O. 
Water surrounding dialyzer tube 17 litres 
Substance used (in 200 c.c. H,O) 2°1231 grams 
recov 20646 „ 
„ diffused 00585 „ 
2°75 per cent. 


From these results it would appear that while protogelatose is fairly 
diffusible, it has a somewhat lower endosmotic equivalent than the 
corresponding albumose. It is further apparent that the gelatose is not 
so greatly influenced in its diffusibility by the rise of temperature as is 
protoalbumose, although in two out of three cases the difference in the 
results obtained at 12°C. and 38°C. is distinctly marked. 

Doubtless, a wider study of the diffusibility of proteoses, and of the 
hydration products resulting from the proteolysis of the albuminoids, 
would shew that all of these bodies are more or less diffusible, although 
differing, perhaps, in their individual endosmotic equivalents. | 
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| B 
F 10 hours 10 hours 
38° C. 12° C. 
i 4°5 litres 4°5 litres 
22149 grams 2·2607 grams 
21374 „ 2°2065 _sé,, 
00775 „ 0•0542 „ 
4 1 = 3°49 per cent, 2°39 per cent. 
| B. Protogelatose, formed in pancreatic digestion. 
B 
8 hours 
12° C. 
4°5 litres 
2°4433 grams 
2°3644 „ 
00789 _,, 
| 3°22 per cent. 
B 
j 8 hours 
38° . 
{ 17 litres 
| 3°2785 grams 
31701 
0•1084 „ 
3°30 per cent. 
| 
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PROCEEDINGS 


OF THE 


PHYSIOLOGICAL SOCIETY, 
1892. No. VI. 


Lonpon. St Mary’s Hosprrat. November 12th. 


A. F. Sraxlxx Kent made the following communication to the 
Society and shewed specimens in illustration of several points :— 

It bas been repeatedly stated that in the heart of the mammal the 
muscular fibres of the auricle are completely separated from those of the 
ventricle. Such a separation of the two chambers would however render 
any explanation of the passage of a wave of contraction from one to the 
other extremely difficult, and in view of such difficulty I have undertaken 
an investigation of the relations actually existing between the structures 
at the auriculo-ventricular groove. 

In the hearts of newly-born rats a complete muscular connection 
exists between auricle and ventricle in the following situations: 

(a) Between outer wall of right auricle and right ventricle. 
(8) Between septum of auricles and septum of ventricles. 
(y) Between outer wall of left auricle and left ventricle. 

In the adult rat a similar connection exists though the details are 
modified in consequence of the development of a mass of connective 
tissue for the support of the auriculo-ventricular valves. 

In the rabbit the development of fibrous tissue at the base of the 
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valves is still more pronounced, though the muscular fibres appear to 
be still continuous between the two cavities. 

Between the auricle and ventricle and lying in the connective tissue 
ring are modified muscle cells, usually spindle shaped, nucleated, 
granular, becoming extremely narrow in parts and then swelling out 
again, transversely striated, branched and usually connected into a 
network. These cells are somewhat rudimentary in the case of the rat 
and are very well developed in the monkey. In the latter animal they 
exist as a complete network, permeating the fibrous connective tissue of 
the groove and extending through from auricle to ventricle. Upon 
approaching the groove the normal cardiac fibres split up into similar 
fibres and become connected with the network of cells lying in the 
fibrous tissue. 

In consequence of this continuity of muscular fibres between the 
auricles and ventricles having been proved to exist the explanation of 
the transmission of the wave of contraction over the auriculo-ventricular 
groove is placed upon an entirely new footing. It is upon the same 
footing as the explanation of the passage of a wave of contraction along 
any other continuous stretch of muscular tissue. 

In new-born animals in which the heart remains excitable for a 
considerable time after death an artificially excited wave of contraction 
may be made to pass over the groove not only in the normal direction 
from auricle and ventricle but also in the opposite direction from 
ventricle to auricle. In adult animals also this takes place. In newly- 
born animals I have not observed that the vagus is ineffective as 
described by some authors ; on the contrary I have observed that under 
profound vagus stimulation it is impossible to get the reversed beat. 
Thus it appears that vagus stimulation depresses the conductivity of the 
tissue at the groove. In the case of newly-born animals the time taken 
by the wave of contraction to pass over the auriculo-ventricular groove 
is less than in the case of adults, and the muscular connection is more 
perfect in the former case. If then the perfection of the muscular 
connection influences the time of transmission it is reasonable to suppose 
that the impulse is transmitted by the muscular tissue. 

The pause between the auricular contraction and the following 
contraction of the ventricle I regard as due to the passage of the wave 
over the differentiated fibres described lying in the connective tissue of 
the junction, these fibres being of smaller total and individual cross 
section and less perfect conducting power than those of the auricle or 
ventricle, 
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PROCEEDINGS 


OF THE 


PHYSIOLOGICAL SOCIETY, 


1892. No. VII. 


Lonpon. CHARING Cross Hosprral. December 10th. 


Mr RAMSDEN described a series of experiments on “The Proteids 
of Egg-white.” The following were the main facts communicated. 


1. A solution of egg-white, slightly acidified in the usual manner, 
and kept at a temperature considerably below that of the first coagula- 
tion as ordinarily determined (57˙5%0, nevertheless gives in time an 
abundant coagulum. 

2. Repeated crops of coagulum may be obtained on keeping a 
solution of egg-white at the lowest “coagulation temperature.” The 
liquid is finally almost free from proteid. 

3. A solution of Hofmeister’s crystals of egg-albumin when 
investigated by the ordinary method of fractional heat coagulation gives 
a series of coagula at temperatures almost identical with those at which 
coagula appear in solutions of egg-white not previously freed from 
globulin, 
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4. A solution of egg-white freed from globulins by saturation with 


Magnesium Sulphate gives a similar series of heat-coagula. The 


ordinary method of fractional heat coagulation gives no certain indica- 
tion as to the presence or absence of the globulin. 

The author is engaged in the further investigation of the facts 
communicated. 
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PHYSIOLOGICAL SOCIETY, 
1893. No. I. 


THe LABORATORY OF THE RorAL CoLLEGEs, LONDON. 
January 21st. 


On AN ‘Accessory’ CERVICAL GANGLION IN THE CaT AND NOTES 
ON THE RAMI OF THE SUPERIOR CERVICAL GANGLION. By 
J. N. LANGLEY. 


OCCASIONALLY in the Cat, a small ganglion occurs on the cervical 
sympathetic at about the level of the thyroid artery. This sends off 
one or more grey rami, which can be traced (1) along the thyroid 
artery, (2) to the 2nd and 3rd cervical nerves. 

I had at first thought of calling this, from its position, the middle 
cervical ganglion, but since the term is used in human anatomy for a 
ganglion not homologous with this one, and since the ganglion in 
most animals forms part of the superior cervical ganglion, I think it 
better to call it the ‘accessory’ cervical ganglion. 

Except in man, I do not know of any description of rami from the 
superior cervical ganglion to the upper cervical nerves. In the cat, two 
or three rami are given off from this ganglion, which run to the first 
three cervical nerves. Usually, one grey ramus starts from the middle 
or lower third of the ganglion, across the ventral surface of the ganglion 
of the trunk of the vagus, and then either direct to the Ist cervical 
nerve, or to the communicating branch between the Ist and 2nd cervical 


nerves, 


And another grey ramus starts from the lower end of the ganglion, 
runs posteriorly, close to the cervical sympathetic, and after a variable 
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length of course, divides into branches (1) accompanying the thyroid 
artery, (2) for the 2nd and 3rd cervical nerves; this branch ac- 
companies for more or less of its course a small cervical artery, given 
off from the carotid close to the thyroid artery. 

Of the variations which occur, it is not necessary to give an account 
now. 

I have not been able to trace anatomically any filament from the 
superior cervical ganglion to the 4th cervical nerve. 

In the rabbit (six cases) and in the dog (two cases) I have not found 
either an accessory cervical ganglion, or direct cervical rami from the 
superior ganglion. 

In the dog, several filaments are given off by the glossopharyngeal 
nerve, chiefly through the tympanic plexus, to the anterior rami on the 
internal carotid artery. Of these filaments, two or three run forward, 
close to the internal carotid artery and two run backwards, close to the 
anterior rami, towards the superior cervical ganglion, and continue their 
course, in part at any rate, in the branch given off by the ganglion to 
the external carotid artery. 

In the rabbit, a filament usually runs from the glossopharyngeal 
nerve after its exit from the skull, direct to the branch given by the 
superior cervical ganglion to the external carotid artery. 

In the dog and rabbit, the filaments of the glossopharyngeal nerve 
referred to consist chiefly of small medullated fibres (about 3y in 
diameter). 


NOTES ON THE CERVICAL SYMPATHETIC, AND CHIEFLY ON ITS 
VASO-MOTOR FIBRES. By J. N. LANGLEY. 


1. Vaso-Motor Fibres of the Ear. It was shown by Bernard, 
Waller, and Brown-Séquard that the cervical sympathetic contains 
vaso-motor fibres for the ear in the rabbit. Schiff found that the great 
auricular contained vaso-motor fibres for the ear, and Lovén that its 
fibres affected, chiefly, or. wholly, the artery at the tip of the ear. 
Morat, in the dog, noticed that vaso-motor fibres ran in the anterior 
strands of the superior cervical ganglion, and stated that this was their 
only course. The vaso-motor fibres of the great auricular nerve, he 
considered, issued from the cord by the roots of the 3rd cervical nerve. 

The course taken by the sympathetic vaso-motor fibres to the ear 
I find to be more varied than that described by Morat. In the cat, 
rabbit, and dog, some fibres take the course described by him; more 
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take this course in the dog than in the cat, and more in the cat than in 
the rabbit. 

The course taken by the other fibres varies in the different animals 
and we may consider them separately. 

Cat. Vaso-motor fibres to the ear run in the cervical rami of the 
superior cervical ganglion, and when two rami only are present 
(cf. previous note) they run in both. Many of the fibres continue their 
peripheral course in the 2nd cervical nerve, whether they all do so 
I have not determined. 

When an accessory ganglion is present, its cervical ramus contains 
vaso-motor fibres for the ear, running out in the great auricular nerve. 
Nearly all, if not all, of the fibres of this ramus are connected with 
nerve-cells in the accessory ganglion. | 

The branch given off by the superior cervical ganglion to the 
external carotid, is devoid, so far as my experiments go, of any fibres to 
the ear. 

- Rabbit. The majority of the vaso-motor fibres to the ear run, as a 
rule, by the external carotid branch of the superior cervical ganglion. 
This branch is relatively larger than the corresponding branch in the 
cat. It causes contraction of the whole of the artery, but the effect is 
sometimes slight at the tip of the ear. In the two experiments tried, 
the effect of this branch was annulled by ligature of the superficial 
temporal artery and its surrounding nerves. 

The anterior branches of the superior cervical ganglion—the 11th 
nerve was cut—vary in effect, sometimes causing contraction almost 
entirely in the artery in the basal } of the ear, sometimes chiefly in the 
mid- region. 

J have generally found some contraction in the artery and usually 
at the tip of the ear on stimulating the peripheral end of the 11th nerve, 
cut a short distance from the skull; since this nerve is in contact, at a 
part of its course, with the nerve giving off the great auricular, it is 
possible the effect was due to an escape of current. 

The 3rd cervical causes contraction chiefly in the tip of the ear, 
(Schiff, Lovén), sometimes the effect is sharply localized to a small 
part of the extremity of the artery, sometimes it spreads two-thirds way 
down the artery. In my experiments a stronger current was required, 
when the nerve was stimulated close to its exit from the spinal canal, 
than when stimulated more peripherally. 

Dog. A minority of the vaso-motor fibres for the ear run by the 
external carotid branch of the superior cervical ganglia. I may mention 
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that the anterior branches may contain fibres which run to the 2nd 
and ard cervical nerves, for these branches may contain pilo-motor 
fibres for these nerves. 

2. Vaso- motor nerves to muscles. In the Rabbit and Cat 
stimulation of the cervical sympathetic causes some pallor of the muscles 
of the larynx and of the muscles of the neck of the same side. The 
smal] arteries, however, show little or no appreciable alteration in 


calibre. In the ocular and neck muscles of the Rabbit I have observed 


the circulation in the capillaries and small vessels. There has sometimes 
been a slight slowing of the circulation on stimulation of the sympathetic, 
but I have been unable to convince myself of the occurrence of any 
constant change, notwithstanding that the arteries of the ear, conjunctiva 
and sub-maxillary gland constricted strongly during the stimulation. 

3. Quickening of blood flow in anterior ciliary veins. In 
the Cat, if the episcleral vessels are examined under a microscope with 
a 1 to 2 inch lens, the blood-flow in them can be observed. On stimu- 
lation of the cervical sympathetic, there is a prompt and remarkable 
increase in the rate of flow in the veins. Sometimes when two veins 
accompany an artery, one only shows the increase. The effects stop 
quickly on the cessation of the stimulus. The increase of blood-flow in 
these anterior ciliary veins is probably due to a hindrance to the outflow 
of a collateral circulation in the eye. 


ERECTION OF QUILLS IN THE HEpGEHOG. By J. N. LANGLEY. 


The quills are erected on stimulation of the sympathetic. The 
cervical sympathetic causing erection of the quills on the head and a 
portion of the neck. The successive rami of the thoracic and lumbar 
nerves causes an erection of more or less successive bands, curving 
laterally from the dorsal mid-line. Each band in an antero-posterior 
direction comprises a few quills only. Sherrington also, has inde- 
pendently, though later than myself, found erection of quills in the 
hedgehog, on stimulating the sympathetic. 
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PHYSIOLOGICAL SOCIETY, 
1893. No. II. 


University ColLxdR, Lonpon. February 11th. 


The. Depressor Nerve. 


W. M. Bay.iss made the following communication accompanied by 
an experimental demonstration. 


1. Excitation of the central end of the depressor nerve in the 
rabbit causes reflex vascular dilatation not only in the intestine and 
kidney, but also in the limbs and in the head and neck. 

2. The effect in the limbs is produced both in the muscles and in 
the skin; hence Dastre and Morat’s law of the balancing of visceral 
and cutaneous circulations is not correct. 

3. Reflex vascular dilatation is also probably present in the tongue 
and external ear. 

4. The depressor nerve is incapable of fatigue, the blood pressure 
remains at the same low level however long the nerve is excited and 
returns to its original height when the excitation ceases. 

5. Simultaneous excitation of both depressor nerves as a rule pro- 
_ duces more effect than that of one alone. 

6. There is evidence to show that the accommodation of the circu- 
lation to the injection of large quantities of fluid is partially dependent 
on the integrity of the depressor nerves. 
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7. Depressor reflexes from other afferent nerves are of a different 
nature from the true effect through the depressor nerve itself, being 
of a transitory character, i.e. not maintained during prolonged excitation 
and not accompanied, except in the case of the central end of the vagus 
which contains true depressor fibres, by dilatation of the limb vessels. 

8. Depressor excitation, if strong, abolishes Traube curves. 

9. Simultaneous excitation of pressor and depressor nerves may 
be made by appropriate relative strengths of stimuli to completely 
antagonize each other in effect on the general blood pressure, keeping 
it at its normal level, and either effect may be made to assert itself 
by increasing the strength of excitation of the nerve producing it. 

10. Chemical excitation of the vaso-motor centre by asphyxial 
blood diminishes or abolishes the effect of depressor excitation in pro- 
portion to the degree of asphyxia. 

11. The vascular dilatation in the limbs and probably also where- 
ever it occurs following depressor excitation is due to the reflex ex- 
citation of vaso-dilator nerves and not to the inhibition of tonic 
vaso-constrictor impulses. 

12. There is a small amount of evidence to show that inhibition 
of tonic vaso-constrictor impulses may in some cases be present, 

13. The vaso-motor centre consists of both a vaso-constrictor and 
a vaso-dilator part, differing in function if not anatomically distinct. 
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PHYSIOLOGICAL SOCIETY, 
1893. No. III. 


KIxd's CoLLxax, Low DON. March 11. 


W. D. HALLIBURTON and T. G. BRopm demonstrated: 


(1) The sodium chloride method of obtaining nucleo-albumins. 

(2) The clear solutions that result from rote the material in 
2 per cent. sodium carbonate. . 

(3) The filters used in filtering the solutions. 

(4) The air pump used in rapidly drying the solutions. 

(5) The dry powder readily soluble in water which is the result of 
this process of drying. 

(6) The intravascular coagulation produced in a rabbit by the 
injection of such a solution freed from lecithin. From 10—20c.c. of 
such a solution containing approximately 0°05 gramme of nucleo-albumin 
is usually sufficient. With this particular animal and solution consider- 
ably more was found necessary to cause death. Death occurs from 
stoppage of respiration. There is no dyspnoea; this and the fact that 
section of the vagi makes no difference in the experimental result point 
to the cause of death in the respiratory centre. In the experiment 
shown, the heart was still beating at the post mortem, and extensive 
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clots were found on both sides of the heart, the systemic veins, portal 
vein and aorta. 


Dr F. GourLay made (through Prof. Halliburton) a preliminary 
communication on the subject of proteids in spleen and thyroid. 

The proteids obtainable from the spleen are precipitable from saline 
solutions by saturation with magnesium sulphate and therefore fall into 
the globulin or nucleo-albumin classes. The amount of albumin is small. 
They resemble very closely the proteids described by Halliburton as 
obtainable from lymphoid structures. Further the nucleo-albumin is 
capable of preparation by either the acetic acid method of Wooldridge 
or the sodium chloride method of Halliburton. It causes intravascular 
coagulation. 

Spleens were placed under alcohol for some months, and the residue 
examined, The proteids were entirely coagulated, and no trace of 
peptone or proteose was discovered. The opinion was expressed that 
Schmidt’s cytoglobin was some nucleo-albumin which had escaped 
coagulation by insufficiently long exposure to alcohol. 3 

The absence of proteoses and peptones is important in view of 
Martin’s discovery that the albumoses of disease (diphtheria, tetanus, 
etc.) accumulate in the spleen. Devoto’s modification of the ammonium 
sulphate method was also used with the same negative results. If the 
spleens are not perfectly fresh, proteoses are discoverable. They are 
probably formed post mortem by a process of self digestion or putrefaction. 
V. Jaksch states that normal spleens do contain ‘peptone;’ it is possible 
that he did not use the perfectly fresh organs. 

The proteids obtainable from the thyroid are very similar. The 
yield of nucleo-albumin by Wooldridge’s method is however small ; 
the aqueous extract is rendered cloudy by the addition of weak acetic 
acid, but there is little or no precipitation. The yield by the sodium 
chloride method is large. The question then arises, is some of this 
derived from the colloid substance? It appears that it is so, and the 
method introduced by Lilienfeld and Monti for the localization of 
phosphorus (sections soaked in ammonium molybdate, then reduced in 
20 per cent. solution of pyrogallol in ether, and finally clarified and 
mounted in Canada balsam; a yellow or brown colour shows the 
presence of phosphorus) led to positive results. The so-called colloid 
substance is stained as darkly as, or in some cases more darkly than the 
cells. Microscopic specimens illustrating this point were shown. The 
hypothesis that colloid substance is not mucin was confirmed by the 
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fact that after boiling thyroids with sulphuric acid there was no 
formation of a reducing sugar. 


T. W. Pickrerina: “On the Embryonic Heart.” | 

The heart used in the experiments to be here described is that of 
the chick at a period of incubation (at 38°C.) of 50 hours and upwards. 
The most convenient age is 72 hours at which period the larger number 
of experiments have been performed. 

The embryo is not removed from the egg, but a window is cut 3 em. 
square through the shell and shell membrane, exposing the albumen 
and blastoderm which remain undisturbed ; the egg and embryo is fixed 
in a small chamber surrounded on five sides by a water jacket. The 
uppermost side of the observing chamber is covered with glass, while 
the air of the chamber is kept moist by the evaporation of water from a 
small bowl placed inside it. The temperature of the chamber can be 
kept constant or varied at pleasure. The heart of each embryo has an 
individual rhythm of its own, which if the surrounding conditions are 
constant remains unaltered. The embryonic heart reacts delicately to 
variations of temperature and its rhythm, if other factors are constant, 
varies directly with the temperature ef the surrounding medium. 

Extremes of temperature stop the heart in an expanded condition. 
Mechanical stimulation of the heart in standstill due to either extreme 
of temperature will if applied to the ventricular end, give rise to one or 
more contractions commencing from the auricular end, thus showing 
direct conduction through the contractile substance of the heart. 
Caffeine, digitalin, and strophanthin modify the tone of the embryonic 
heart and finally stop its ventricle in strong systole. 

Strychnine, morphine, veratrine, nicotine, amy] nitrite, and potassium 
chloride stop the heart in an atonic condition. An antagonism exists 
between veratrine and potassium chloride, and between nicotine and 
potassium chloride in their action on the embryonic heart. Morphine 
acetate and amy! nitrite in the final phases of their toxic action reverse 
the rhythm of the embryonic heart. Atropine has only a slightly 
depressant action on the embryonic heart-rhythm which in one experi- 
ment after the direct application of 275 gram (dissolved in normal 
saline) to the substance of the heart was strongly maintained at 64 
beats per minute. Muscarine nitrate has also apparently no specific 
action on the hearts of embryos between the 57th and 96th hour’. 


1 This experiment, together with a control experiment on the frog’s heart, was shown. 
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Control experiments with frog’s heart showed the muscarine used to be 
active. 
Chloroform depresses the embryonic heart rhythm to stoppage in 
extreme diastole. Unlike it, ether primarily stimulates the embryonic 
heart, and only depresses it in comparatively large doses. Some of the 


details of the above observations were published in a previous’ paper, 


while a fuller account together with their significance is discussed in a 
paper which is in the press of the Journal of Physiology. 


Proc. Roy. Soc., Vol. LN. p. 461. 
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